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Abstract

¢y The purpose of this study was to provide Air Force
rated officer managers at the Air Force Military Personnel

Center with a decision aid for the management of rated

" - -

officer flying gates. Air Force rated officers are those

-

officers who hold an aeronautical rating and are authorized

to perform duties as pilots or navigators. Flying gates are

EC I

milestones that must be achieved at certain phase points of

a rated officer’s career.

'] o Bt S

This study resulted in development of a single

ey
-

commodity network flow model with side constraints. This

-

model is designed to represent the rotation of rated
f officers between flying and nonflying duties and provides a
means for measuring overall attainment of flying gates. It
is an aggregate model which provides general assignment
guidance aimed at minimizing nonachievement of flying gate
requirements, while maintaining required manning levels in
flying and nonflying duties.GEirf

Initial a2nalysis of model outputs indicates that the

model solution may provide an avenue to improved gate

‘ - , .’
- m e PN e

management. Shortcomings of the model that bear further

==
PN

study include the level of detail provided by the model and

. -
o>

i)
K the method used to model attrition of the rated officer force.
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A NETWORK APPROACH TO
RATED OFFICER GATE MANAGEMENT

I. Introduction

The Issue

The personnel resource managers at the Air Force
Military Personnel Center (AFMPC) are responsible for a
1 myriad of tasks related to personnel management. These
tasks include assignment of rated officers--aircraft pilots
and navigators--to flying and nonflying duties. The

Aviation Career Incentive Act of 1974 dictates that rated

- - o e

officers must accumulate specified numbers of active flying
; months at various phase points in their careers--these phase

points are often referred to as "gates”"--to be eligible to

e

receive Aviation Career Incentive Pay (8:12). Air Force
: policy dictates that rated officer careers will be planned
to insure attainment of these gates (8:12). However, the
i Air Force employs numerous rated officers in positions not
P involving flight duties. The rotation of rated officers
into and out of these nonflying positions requires close
i management to insure compliance with gate requirements.

As an aid to personnel managers, the Analysis Division

- .- e

at AFMPC currently uses a simple computational (arithmetic)

model to identify potential problems in rated gate manade-
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ment (32). The problem with the existing method is that it
does not consider the dynamics of the rated officer force.
The existing model takes a snapshot lock at the current
rated gate situation. The model cannot identify potential
problems that may result due to variations in rated force
allocations, changes in the number of authorized cockpit
positions, fluctuations in the number of personnel that are
available for reassignment, or changes in attrition rates
(32).

Due to these shortcomings with the existing gate man-
agement model, the Analysis Division at AFMPC has identified
the need for a model which can incorporate the dynamics of
the Air Force rated officer force (32). The primary expect-
ed benefit of such a model is improved management of rated

officer assignments.

The Research Problem

Problem Statement. The existing computational model
used by AFMPC for rated officer gate management fails to

encompass the dynamic aspects of rated officer career move-

ments. As a result, effective management of the rated
officer force is hampered.

The Research Question. The overall research question

that this study addresses is as follows:

How can rated officer career movements be modeled
to provide AFMPC personnel managers the informa-
tion necessary for effective management of the
rated officer force?
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" Research Objectives. The overall objective of this

Y study is to provide rated officer force managers at AFMPC
y with a means of identifying potential rated management
i problems. To accomplish this overall objective, this study

i addresses the following sub-objectives:

E; 1. Determine the specific information required by
f AFMPC rated officer force managers;

b

% 2. Determine what input data is readily available
%. from AFMPC databases;

v

Zy 3. Determine the key interrelationships that

p$ affect the rated officer force structure;

&

ot

W 4. Determine which modeling methodologies can be

4 applied to this problem;

I 5. Determine an output format {(method of informa-
?2 tion presentation) that depicts the information

" needed by AFMPC managers.

Scope_of the Study

e The scope of this research is limited to rated officer
: manning problems that are within the domain of officer

personnel resource managers at AFMPC. This study does not

o attempt to project external factors that impact the rated

; officer management problem, such as officer retention rates,
7‘ manning authorizations, and weapon system inventories.

j? However, these factors--as projected by other methods--are
?% used as model inputs.

A This study takes an "aggregate" approach to the rated

'

rﬁ officer gate issue. No attempt is made to identify those

individuals who may experience problems with rated gate

compliance. Rather, the goal is to identify those groups of

th
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iy rated officers that require close management to insure gate

) compliance.

¢ Terminology
The following are some terms used in this study that

may not be familiar, or which have a specific (unfamiliar)

& meaning in the context of this study.

.ﬁ Advanced Student. Advanced students are those rated

{. officers who are undergoing some type of advanced flight

§‘ training. Advanced students have already earned their ‘
§ "wings" (aeronautical ratings). (9:page 3-1) |
.: AFIT. This category of duty assignments includes

g’ graduate degree programs at the Air Force Institute of

&‘ Technology or at civilian institutions. Assignments are

T: generally 15 to 18 months in duration and result in a

;f requirement to serve in a nonflying duty for a minimum of

& three years following graduation (8:45).

if ASTRA. "Air Staff Training”. This is a one-year

é' nonflying dut& assignment available to a select few junior

éj officers (approximately six to seven years commissioned

k.. service). |
't Attrition Rate. This is a percentage or proportion of

é; individuals belonging to a specified group that separate

A\

k: from the Air Force within a specified time period, usually i
? one year. Normally, attrition rates for rated officers are j
‘

3: calculated based on aviation service date year groups.

1.0 lj
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" Aviation Career Incentive Pay. This is the formal name

@ for "flight pay.” Its basic purpose is to retain sufficient
numbers of rated officers to meet Air Force rated manning
% requirements.

ﬁ Aviation Service Date (ASD). The actual aviation

e service date is the date an individual began flying duties
ﬁ with the Air Force. In the context used in this study,
aviation service date refers to the number of years (or

" portions thereof}) since initial aviation service date.

,g Continuation Rate. This is the percentage or propor-
E& tion of individuals belonging to a specified group that

f% continues in military (Air Force) service. The rate applies
lﬂ to a specific time period, usually one year. If the attri-

o, tion rate is .12 (or 12 percent) then the continuation rate

ﬂ is 1.00 - .12 = .88 (or 100 - 12 = 88 percent). The cumu-
¥

o

g; lative continuation rate over a given number of time periods
Wy

:ﬁ is the product of the respective continuation rates for the
;a individual time periods.

) . c s

;w Experience Level. Within each major weapon system

\

W,

W (aircraft) group, regulations specify the minimum number of
ﬁ flying hours and/or years of aviation duty required for an
Y

ﬁ; individual to be classified as "experienced." The overall
"5

-2 experience level within a flying organization is determined
12 by the percentage of members of the organization that are

o

:$ classified as "experienced." Organizational experience

1".

b level is tracked as a management device. (9:6-9 thru 6-26)
.ﬂ
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First Assignment Instructor Pilot (FAIP). These indi-

viduals are assigned to instructor duties in Air Training
Command immediately following Undergraduate Pilot Training.
After approximately three years of duty as an instructor,
most FAIPs are assigned to flying duties in one of the magjor
weapon system groups.

Fiscal Year. This is the period from 1 October through
30 September. This is the time period around which planning
and budgeting is focused in the Federal government.

Flying Gate. A flying gate is a milestone or phase

point based on the number of years that an individual has
performed active flying duties. Three flying gates are
specified in Air Force Regulation 36-20 for management of
rated officers: the first gate (six-year gate) requires six
vears of flying within the first 12 years of aviation ser-
vice; the second gate (nine-year gate) requires nine years
of flying within the first 18 years of aviation service; the
third gate {ll-year gate) requires 11 years of active flying
within the first 18 years of aviation service. (S5:12

Major Weapon System Group. This is & category of

aircraft (with similar missions) used for management of the
rated officer force. Generally, there is very little flow
of officers from one major weapon system group to another.
There are eight major weapon system groups: tactical
fighter/reconnaissance, bomber, tanker, strategic airlift,

tactical airlift, helicopter, trainer, and "mission’. {(9:

3-4 thru 3-9; 33)

‘,’ f
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Professional Military Education (PME). Though it takes

several forms, the PME of interest in this study is that
which is accomplished as a full time (nonflying) duty as-
signment of just less than a year in duration. The two
categories of PME of importance in this study are Inter-
mediate Service School (ISS), attended by majors, and Senior
Service School (S8SS), attended by lieutenant colonels and
colonels.

Rated Officer. This is a general term used to refer to

Air Force officers possessing an aeronautical rating (pilot
or navigator) (7:11).

Rated Staff. In general, this refers to staff duties
performed by rated officers;—some of which also involve
flying duties. For the purpose of this study, rated staff
refers only to nonflying staff duties.

Rated Supplement. This refers to duties performed by

rated officers that are traditionally performed by nonrated
officers. These are nonflying duties. (8:36)

Undergraduate Flying Training (UFT). This term refers

to the flying training that an individual must accomplish to

receive an aerocnautical rating (“wings”). UFT includes
Undergraduate Pilot Training (UPT), Undergraduate Navigator

Training (UNT), and Undergraduate Helicopter Training (UHT).

.
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%& II. Background and Literature Review
%: The literature reviewed in this section provides back-
iﬁ ground information on the rated officer management issue and
?g provides brief descriptions of various personnel models and
i% modeling methodologies. Most of the material supporting the
§§ rated management background discussion is from Air Force
;z documents. Most of the articles related to modeling method-
gﬁ ologies were collected from technical journals and the
i} Defense Logistic Agency’s Defense Technical Information
%: Center computerized database.
i? The literature is reviewed in a topical order, begin-
%& ning with a discussion of the impetus behind rated gate
f“ management. The background discussion is followed by a
'AA brief look at some of the personnel models and modeling
i&' methodologies currently used in personnel management. The
%5 discussion focuses on the applicability of these models and
gﬁ methodologies to the rated gate management issue.
i
:‘:{: Rated Gate Management.
f: The Aviation Career Incentive Act of 1974 established
ﬁ? specific requirements for the management of rated officers
b: (25:2; 8:12). This act increased the Air Force's flexi-
ﬁ; bility in assigning rated officers to nonflying duties,
%s while still insuring the officers’ eligibility to receive
}# Aviation Career Incentive Pay--commonly referred to as
i? "flight pay” (25:2). The Air Force considers flight pay to
Wi
e °
W
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“y be a major factor in retention of rated officers (6:2) and

ﬁ\ has established policies which help assure rated officers
L 4
' that they will be entitled to flight pay for all or at least
oy
Q{ most of their careers (8:12). This assurance also increases
r‘Q'
‘e
;&1 the willingness of rated officers to occupy those nonflying
;? positions which the Air Force believes should be filled with
N0
W . . .. . C
$@ officers having rated aviation experience. This “rated
f\"
Q& supplement” and "rated staff” force, as it is called, pro-
L4
o8 vides a pool of rated officers that are readily available to
Y ‘. Y
Wt
:k fill cockpit positions under emergency conditions (8:36).
v.‘:o
$§ This supplement/staff force also provides what is known as
[ ] . .
Ty "rated presence” and "'rated expertise” 1in career areas not
R _}:
{? directly involved in active flying operations. This pres-
oy ence is important because nearly all Air Force activities
Hﬁ' have some imract on present or future flight operations.
sg' Air Force Regulation (AFR) 36-20 implements the Avia-
)
A4t
S tion Career Incentive Act and delineates the requirements
J
W% for entitlement to continuocus receipt of flight pay when
] "'
':9.'f
}y' assigned to nonflying duties. These requirements are as
L]
X
B follows:
®
ﬂﬁ 1. Perform six years of operational flying by the
m 12th year of aviation service;
¢
ity
%ﬁ 2. Perform nine years of operational flying by
L the 18th year of aviation service;
®.
o 3. Perform 11 years of operational flying by the
‘,ﬁ 18th year of aviation service to receive flight
';: pay through 25 years of officer service (8:12).
Y
i Rated officers assigned to flying duties are entitled to
g .
b,
1.. »
W
o
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RS receipt of flight pay--regardless of whether they have

e achieved these milestones. ‘
lﬁ' The management policies which help insure maximum

ﬁs achievement of these rated officer utilization standards--
%ﬁ known as "gates’'--are also stated in AFR 36-20. "It is the
k% Air Force policy that as many members as possible perform at
g& least 9 years of operational flying duty during the first 18
:ﬁa years of aviation service” (8:12). The regulation further
kw states that graduates of pilot training and navigator train-
i:q ing "are assigned to operational flying duties until they
3& have completed at least 6 years of operational flying

g; duties” (8:12). More experienced rated officers are also

§5 assured of being able to meet their gates:

Rf The typical officer with over 12 years’ aviation

’ service must have completed or be able to complete
ot at least 9 years, and preferably 11 years, of

':_ operaticnal flying duty before the 18th year of
:a} av;ation se?vice before being assigned to nonoper-
$§ ational flying duty [8:12].

ia Compliance with these policies requires careful management
~é§ of the rated officer force (32).

:ﬁﬁ Present Implementation. The AFMPC personnel resource

t

: managers are charged with matching Air Force personnel to

0

i%i manpower positions. These "assignment officers,’” as they

;ﬁi are sometimes called, assign individuals to duty positions
;,: when vacancies occur (due to resignations and retirements,

3

?H completion of training, rotations from overseas, and so on).
;? Various rules are used to determine which individuals are to
e be matched to which positions. The rated officer management
N
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policies stipulated in AFR 36-20 are among the important
decision factors in the assignment process.

To keep the assignment officers informed of large scale
and long term trends in the rated officer force, AFMPC
analysts conduct periodic analyses and brief their findings
to the personnel managers (31). The analysis applicable to
the rated gate management issue involves use of a simple
computational model. This method involves computation of
the "gate supportable inventory"”, which is "the maximum
personnel inventory that will allow all members to complete
a given number of flying gates” (17:1). A rudimentary
comparison is then made to the actual current personnel
inventory. Separate computations and comparisons are made
for each major weapons system (aircraft) group and each
aeronautical rating. For each of these aircraft groups and
ratings, general assessments are made regarding the capabil-
ity to comply with flying gate policies (18).

The major strength of the current methodology is its
simplicity. All data required in the computations is readi-
ly available from the AFMPC personnel database. The compu-
tations are straight-forward and the results are easy to
understand. However, there appear to be a few major short-
comings of this method. (32)

First, some of the assumptions underlying the computa-
tion of the gate supportable inventory appear to be unreal-
istic. One assumption made is that only rated officers
still requiring gate credit occupy flying positions (17:1:.

11
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Another assumption is that "there are no management or
assignment constraints” (17:1). Real world considerations
such as experience level requirements and assignment/rota-
tion policies are contrary to these assumptions.

Recognizing that some of the assumptions are not fully
valid, the method employs a measure called "management
flex”. Management "flex" is "the difference between the
current [one through] 18 [year] aviation service population
and the gate supportable inventory” (17:2). The problem is
that the actual management "flex" required by real world
constraints is unknown. However, the AFMPC Analysis Divi-
sion considers the minimum practical "flex" required to be
equal to about 15 percent of the gate supportable inventory
(17:2). Actually, tﬁe amount of "flex" required probably
varies with time and from one major weapon system group to
another.

Figure 1 shows an example of one type of output pro-
duced by the arithmetic model (18). The graph in the figure
resulted from a recent analysis of the strategic airlift
pilot force. The wide gap between the gate supportable
inventory and the current inventory of pilots in the one
through 18 year aviation service groups--the management
“flex"--seems to indicate that there should be very little
difficulty in complying with flying gate requirements.

However, there have in fact been some difficulties in meet-

ing gate requirements for this group of rated officers (31).




e STRAT AIRLIFT PILOTS

e GATE SUPFPORTABLE INVENTORY
s ™M —
',fl"f 6009 - T

:’i‘., Spag - “FLEX"'

.- )
1 — 18 YRS AVIATION SERVICE
3900 -

INVENTORY

T e e
—— e
b X —
ARG s cswEn ams eun |

p...‘ 2m—
9".‘& 1 — & YRS AVIATION SERVICE

S 1908 -

s ~r T Y | 5 T
o FYgs Fy87 Fyae FY8s FYsp FY91 Y92

J';Q
N J
O -d

Qv, Figure 1. Example Output From Current Arithmetic Model
et (Adapted from 18)

A This example illustrates the most significant short-

digt coming of the current model. That is, the model fails to

P, adequately identify potential gate management problems. As
Y shown by the relatively smooth lines on the g€raph in Figure
'l 1, the current method provides no means of identifying the
[N effects of fluctuations in the rated officer force structure
Ut over time. Assignment officers may be able to deal more

:hﬁ effectively with these fluctuations if they have sufficient

notice. (31)
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iv Personnel Modeling Approaches

%‘ The remainder of this literature review examines possi-

2“ ble methodologies for an improved gate management model.

i

i; The personnel models most commonly encountered in the liter-
E$ ature fall into the following categories:

; 1. Descriptive methaods.

§ a. Entity flow simulations.

i

;& b. System dynamics simulations.

R 2. Prescriptive (optimization) methods.

$ a. Probabilistic models.

{ﬁ b. Mathematical programming.

.; Existing methodologies in each of these categories are

)

i; discussed and their application to the gate management

,s problem is considered.

;W Descriptive Methods. Descriptive models are designed
(]

;ﬁ to describe the underlying systems. In general, a descrip-
ib tive model does not directly provide an answer or solution--
ﬁ though it can give insight into possible solutions through
Eg repeated experimentation with the model. A descriptive

‘3 model can be as simple as a graphical representation of the
f$ real world system. A type of descriptive model frequently
iﬁ used in business is the spreadsheet model. However, the

i various forms of computer simulation are the most commonly
'ﬁ employed descriptive methods for modeling complex systems
;g such as large personnel systems.

'T Simulation is a method of arriving at an approximate
Fg solution to a problem that cannot be stated in precise
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?” mathematical terms or has no known mathematical solution.

g Simulation models can also provide some insight into

’? cause-and-effect relationships within real world systems.

2 Simulation models can be categorized into two general

;§ groups: entity flow simulations and system dynamics simula-
SQ tions. '

:é Entity Flow Simulations. Entity flow simulations

L treat each object or unit within the system individually.

2- In a manpower system simulation, each person would be repre-
% sented in the model. Charpie (3) effectively employed such

£ a simulation model in studying problems with the B-52 navi-

:- gator force. However, one of the problems with a model of

3 this type is that a large system requires a large amount of

iﬂ data for input into the model and the resulting simulation

; requires long computer run times (4:42).

:: Existing entity flow simulations generally lack

[}

k; adequate feedback lobps to make realistic adjustments for

? changing conditions during a simulation run (23). For

;_ example, if a given set of inputs resulted in assignment (by
:; the model) of all rated officers to nonflying positions

Zg {possibly due to limitations with the particular model

A

J' used), the model outputs would not provide insight intb what
g might really occur under the specified set of conditions.

¥ In actuality, senior Air Force managers would probably

Y,

recognize such a problem and make corrections to avoid such

a result.
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System Dynamics Simulations. Recognizing some of

the limitations of entity flow simulation models, Forrester
devised a methodology called "system dynamics” (12). The
real advantage of a system dynamics approach is that this
approach incorporates feedback loops so as to more realis-
tically represent real world systems interactions (12:12-
14y. One shortcoming of system dynamics models is that they
do not represent systems down to the minute levels of detail
that are possible with entity flow simulations.

System dynamics models are frequently used to examine
the consequences of changes in policy (12:8). Clark and
Lawson provide a system dynamics simulation model to evalu-
ate policy effects on a particular segment of the Air Force
enlisted personnel force that is subjected to a high number
of overseas assignments (4). Also, Knight employs system
dynamics modeling to examine the impact of various factors
such as retention and force authorizations on the allocation
of Air Force pilots (22). A system dynamics approach might
readily be applied to the rated gate management problem.
Such an approach would reduce the input data requirements
and may provide better insight into the future effects of
changes in policy and other factors such as retention or
personnel authorizations. However, the lack of detail
inherent in this approach may result in insufficient infor-

mation to assist AFMPC assignment personnel in managing

fluctuations in the rated force.
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Prescriptive Methods. The general purpose of an opti-

« mization model is to find an optimal or "best"” solution for

a given set of inputs. In other words, an optimization

model prescribes a solution. Optimization models come in

. several forms and can be classified in many ways. Two broad
classifications of optimization models and techniques are

§ probabilistic modeling (which includes Markov processes) and

! mathematical programming (14). The types of mathematical

5 programming most frequently encountered in the literature on

personnel modeling are the various forms of linear program-

- RS

ming (including the goal programming problem, the transpor-
4 tation problem, the transshipment problem, and the assign-
ment problem) and network flow programming. There is much
overlap between these methods--for instance, a network model
: may be formulated as a linear program (14:319).

: Probabilistic Models. Several researchers have

discussed the application of Markov solution methods to

manpower models (5; 28). Methods have been developed to

> -t

-

solve for the steady state of manpower systems in which

"

personnel are divided into ranks or grades with known proba-

bilities of transition from one grade to the next over
discrete or continuous time intervals (26:249). In the
context of rated gate management, the ranks could represent
\ degree of gate attainment. However, the transition proba-

bilities from one level of gate credit to the next would

e e = e W

generally not be known--though they could possibly be

estimated.

" » I T R T T T TR P .
{\p“‘ UMY NN M)
WO W W Lao o M) XN v'l 0} N"l"")v

W VT T T e TR T e N 0 G T T T T T T T TS Tt g S N R T .
L *"")‘.“'.“‘,:"J.'u.‘,*#‘.Q".:i‘.cl' K ’"?9"ti".<“.,0"..-.'?-".‘v"fo'i‘.v"?-"’"“J..“,O...i"?&"..'. M} J' [) «."‘-‘ L 30 .Qi."‘ LN N



" Linear Programming Methods. Numerous linear

%{ programming technigues have been used to model personnel

.. systems. The basic method of solving linear programming

'g problems is the simplex method developed by Dantzig in 1947
S: (14:52). Since then numerous modifications to this method
ia have been developed.

%: Aronson, Morton, and Thompson developed the “forward

' simplex method, " which is a modification of the basic

simplex method for solving linear programs with multigple

E time periods (1). Aronson and Thompson (2) subsequently

09 applied the forward simplex method to solve personnel plan-
KX rning problems. The manpower planning problem they addressed
ﬁ' involves several grades of personnel, forecasted personnel
'

i: goals for each grade, and transition probabilities between
}' grades that are described by a Markov probability matrix.

& Constraints on the system include budgets for each time

& period (applied to personnel salaries) and limits on the

N total number of personnel. They report considerable im-

?: provement in computer scolution time over the basic simplex
': method. Modifications to their method may be applicable to
% the rated gate problem, but the Markov transition probabil-
)

E; ities are generally unknown (though perhaps estimable) for
’; the gate problem.

d Linear gocal programming is one of the many adaptations
E and extensions of linear programming. Goal programming

bi permits the combination of several goals into a single

X objective fuuction (37:358).

&
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Siverd and Thompson (28) describe a modified goal
programming approach--they call it "ratio goal program-
ming " "--that attempts to maximize organizational effective-
ness by attairment of specific personnel assignment ratios.
In other words, given that a preferred mix of personnel
skills or experience levels can be established, their
approach is to determine the correct levels of the factors
(such as salaries or recruiting expenditures) that will
result in the desired mixes or ratios (28). This method has
potential for application to gate management if, for in-
stance, the preferred proportion of rated officers attaining
their 11 year gate can be established.

Network Flow Methods. Network flow theory has

much overlap with linear programming theory. However, the
specialized structure of the network problem sometimes
permits application of solution algorithms that are more
efficient than the traditional simplex method. In addition,
the network structure sometimes provides a useful means for
conceptualizing the model for a large system.

A network can be thought of as a series of locations
(nodes) connected by paths or routes (branches or arcs)
(14:297). A network model of a manpower system could treat
the organizations or duties to which people are assigned as
nodes and could treat the possible rotations, promotions, or
transfers of personnel as the arcs. This has potential

application to the gate management model, since flying and

19




W nonflying duties could be treated as nodes and the assign-
o ment decisions could be treated as arcs.

Various network programming algorithms have been

applied to a variety of personnel systems. Thompson (36)
§ proposes the use of a network transshipment model to approx-
% imate a linear program of an extremely large manpower
§ system; such an approximation can result in considerable
B
? decreases in computer run time--perhaps without excessive
L4

¥ loss of detail.

w Klingman, Mead, and Phillips describe the application

g of network solution technigues to two military manpower

.; planning problems (21). The two prototype models that they
»g describe are an Army enlisted personnel assignment model and
L

'5 an Army officer strength forecasting.model. They point out

zx the advantage of network optimization techniques for solving
é large personnel problems: network techniques “"are typically

10 to 100 times faster than linear programming optimizers"
N (21:787).
Specialized network optimization algorithms have been

devised to deal with various special network constructs.

l& Price and Gravel offer a means of solving a network problem

? that has side constraints (27:196-202) Side constraints are
ff constraints on the solution that are not inherently modeled

; within the network--that is, constraints other than upper

;J and lower bounds on arc (flow) capacities or the standard

K network constraints requiring conservation of flow (flow-in

) equals flow-ocut) at each node. Such side constraints are
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readily applicable to manning level requirements, such as

those related to duties performed by the rated officer
force. Price and Gravel also suggest the application of a
heuristic method for dealing with problems containing large
numbers of side constraints that can occur in modeling
attrition, since increasing the number of side constraints
decreases the efficiency advantages of the network algo-
rithms compared with normal simplex methods (27:201-202).
Liang and Buclatin (24) employed a network formulation
with side constraints to solve a Navy enlisted personnel
assignment problem. The problem solved involved matching
200 people to 230 available jobs at minimum training cost,
subject to a limit on the number of training positions
available for each of 168 different training courses. The
problem involved 4,592 arcs and 16 side constraints. Liang
and Buclatin solved the problem using a network computer
code called NETSID because of its efficiency over other
available packages that can handle networks with side con-
straints (24:6-3). Kennington and Helgason provide a tech-
nical discussion of the algorithm underlying the NETSID code

(19:166-174).

Summary

This chapter has provided a detailed discussion of the
rated gate management problem, providing some insight into
the structure of the real world system. Additicnally.

several techniques employed in modeling other personnel

%O 0 4 \
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\ systems have been examined. These numerous methods provide
% a broad base for selection of a means of addressing the gate
: management issue. Additional considerations in selection of
3 a methodology and a detailed description of the method

;

implemented are provided in Chapter 3.
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tk? III. Methodology

:wi This section details the methodology employed and the
J’C'

:w‘ model developed in this study. The section begins with a

discussion of the main considerations that influenced

3' selection of a modeling approach. That discussion is

ga followed by a description of a conceptual model that

;' demonstrates the structure underlying the rated gate

?2 management issue. The computerized model of the gate

%, management system, as implemented for this study, is then
described in detail. Finally, the methods used to verify
£¢ and validate the model are examined.

A Methodology Congiderations

0 Prior to selection of a methodology for application to

the rated gate management problem, some important considera-
K tions must be addressed:

0 1. What information is required by AFMPC rated
officer force managers relative to the gate

N management issue?

o 2. What data is readily available for input to a
gate management model®

v?; 3. What are the key interrelationships that

u§3 describe the rated officer rotation system?

ﬂs Only after examining these modeling considerations can a

?4 methodology be selected.

%, Information Reguirements. One of the primary consider-

ations in selecting a methodology for solving an existing

>

problem is to determine--to the extent practical--what

LW
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- general form the final solution should take. In other

words, the type of answer desired should have some influence

gt on the selection of a solution method.

f;ﬁ Ultimately, rated force managers may find great utility
:3§ in a model which produces optimal assignment “"decisions' for
;y each individual rated officer--subgject to the many rules,

i

policies, and considerations that affect the actual assign-

ment process. Development of such a large scale model must

hf build upon previous work at modeling the rated officer

%é force. A model which provides aggregate information on

o

:ﬁ: rated force rotations and their relationship with flying

iE gate requirements and policies could provide a basis for

:g development of such a large scale assignment model.

?é The arithmetic gate management model currently employed

r; by the AFMPC Analysis Division seems to provide insufficient
e

éé detail to serve its purpose well. The Analysis Division has

1;* indicated the need for more detailed information about

43‘ projected gate requirements (32). Rated force managers need

%ﬁ: to know about upcoming bottlenecks in rated officer manning

:ﬁp and flying gate attainment, specifically those time periods

5@ and rated officer groups requiring careful management to

‘& insure compliance with stated policies and requirements

K (35).

0.

‘f¥ To identify bottlenecks, a descriptive methodology such

y $ as simulation may be adequate. However, an optimization

k&: approach can serve to describe the system while also

prescribing a rated officer assignment policy which ma=xi-

'b*' 24
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mizes gate attainment subject to manning requirements. A
network formulation provides such a capability.

The information requirements also affect the level of
detail that must be used in modeling the real world system.
A review of rated force management documents indicates that
the rated management issue is a relatively large and complex
problem (9; 10). For example, the total Fiscal Year 1988
rated officer manning requirement exceeds 32, 000 personnel
(9:page 3-3). This total requirement is divided between
eight manning accounts (duty types such as operational
flying, staff, rated supplement, and professional military
education), nine major weapon system groups, and three
aeronautical ratings (pilots, navigators, and electronic
warfare officers) (9:page 3-10, pages 5-6 thru 5-27).

Considering the size of the problem, a solution method
that allows some degree of aggregation seems appropriate.
Yet, an increase in detail over the current arithmetic model
seems essential in order to provide the information neces-
sary for effective management of the rated force. Increas-
ing model detail for large problems requires the use of an
efficient solution method. Network programming methods have
been shown to be relatively efficient in solving large
problems.

Available Data. The availability of data can signifi-

cantly affect the selection of a modeling methodology since
the model input data is directly related to the level of
detail that is possible. The AFMPC maintains an extensive

25
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¢ database on military personnel. Discussions with personnel

¢ analysts indicated the ability to provide extensive data

v support relative to the gate management issue (31; 34). |

o Availability of data does not seem to be a limiting factor |

o in this study. w

" Of course, large data requirements translate into

g€reater effort in collecting model inputs and longer

X computer run times. Again, the size of the real world

system suggests consideration of an aggregate model. The

degree of aggregation must be controlled so that critical

detail is not lost. A network formulation can provide

v varying degrees of aggregation and therefore provides some
modeling flexibility.

o Key Relationships. The relationships that describe the

real world system being modeled--the structure of the

T

system--play a key role in selection of a modeling method-

e w o -
f NS

»

clogy. Complex systems are often modeled using simulation

because of the flexibility that simulation provides. On the

surface, the rated officer assignment system--with its

. - . - -
- - - >~

several underlying policies and constraints--appears to be

:: rather complex.

? By reducing the degree of precision required from the
:2 model, a network representation of the rated officer

3“ management system can be developed. The nodes of the

'i network can be thought of as representing the duty assign-
;: ments and flying gate status (such as aviation service date
?g year group and gate credit accumulated) of the individuals

" 26

0

.
Bt bt SRR

AT 2o W RO ( & AN T,
el ,c' RO R G ! .‘1"' X ) ‘t“'t‘ £ .‘o' QORI ERIRR O I K S L]

+ 0k



-
-

- e

N o‘ T - ot
s AOSRAMION TN "W n‘:'l‘. R i :" WCht e h e .h OhY a‘ "'a Sy "' ety

4, g

within the system. The arcs of the network can represent
the assignment decisions and the effects of those decisions-
-that is, a transition from one duty and gate status to
another duty and gate status.

Methodol gy Selection. Due to the reasons outlined
above, the availability of an efficient network optimization
routine (NETSID), and the considerable potential that a
network approach holds, a network formulation and optimiza-

tion methodology was selected for this study.

Conceptual Modeling Approach

Rated officer force duty assignment rotations within
each aviation rating (pilot or navigator) and each major
weapon system group (such as fighter, bomber, or strategic
airlift) can be viewed as a four-dimensional network. The
following parameters define the dimensions of the network:

1. The time period which is being examined;

2. The particular duty to which an individual is
assigned;

3. The aviation service date (ASD) year group;

4. The amount of flying gate credit that has been
accumulated.

Each location (node} in the network can be thought of
as representing the time (in years) and an individual’s
status: his duty assignment, his ASD year group, and the
amount of flying credit he has accumulated. The paths
{arcs) between nodes can be thought of as representing

assignment decisions made by AFMPC assignment personnel.

to
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The node at the starting point of an arc represents the

individual’s status immediately prior to beginning the duty
assignment represented by the arc. The node at the end of
the arc represents the individual’s status at the completion
of the duty tour length. While serving in a duty position,
the individual can be thought of as traveling along the arc
from the beginning node to the ending node. The duty type
associated with the node at the end of the arc represents
the duty position occupied once the assignment has occurred,
whereas the duty type associated with the node at the
begining of the arc represents the individual’s duty
position prior to the new assignment.

Examining only the time and duty type dimensioné, the
two~dimensional diagram in Figure 2 illustrates the network
relationships. Assume that assignments to duty types A and
C have a normal duration of one time period, and assignments
to duty type B are normally two time periods in duration.
For individuals in duty type A that are available for
reassignment at time 1 (node "Al"), the paths labelled "arc
1", "arc 2", and "arc 3" represent the possible duty
assignments:

1. Arc 1 represents a new one-year assignment to
duty type A.

2. Arc 2 represents a two-year assignment to duty
type B.
3. Arc 3 represents a one-year assignment to duty

type C.
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; Figure 2. Two-Dimensional Assignment Network
L
&N
g’ Subject to the duty duration assumptions, these are the only
M
possible assignment paths from node "Al" to duty types A, B,
'l
:“ and C. For example, no path exists from node "Al" to node
)
o "A3" because such an assignment is not possible if all
s
] assignments to duty type A are assumed to have a duration of
a4
§ only one year.
.
® By treating assignments in this manner, arcs terminate
q at nodes that have a time value corresponding to the time
o’ . .. . . .
r” when (on average) individuals will be available for reas-
‘e
‘: signment to new duties. Completion of a duty tour length
i can be thought of as an "arrival” at the corresponding arc
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’ ending node. Such an arrival indicates availability for
reassignment and the need for an assignment decision.

Adding a third dimension to the network for flying gate
credit accumulation results in a network pattern such as
that shown in Figure 3, where two gate credit values are

represented by roman numerals I and II. The third dimension
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" represents, in this example, a poi=ntial change in gate
)
credit from "I" to "II." (The dashed lines in the figure do
|
K\ not represent assignment paths--they are provided ounly to
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1NE

é: help visualize the three-dimensional nature of the figure.)
éé The assignments represented by arc !, arc 2. and arc 3 are
Sl

:q_ the same as previously described for Figure 2. However, if
E?: w2 assume that duty type A is a flying duty and therefore
3{ results 1n an increase in gate credit equivalent to the

%3 assignment duration, individuals assigned to duty A via arc
%g 1 acquire an increase in gate credit from "I" to "II". Note
sa% that duty types B and C represent nonflying duties in this
:W, example, since assignments along arcs 2 and 3 result in no
é:% increase in gate credit.

:hf The fourth dimension--consisting of aviation service
.5 date year groups--cannot be illustrated graphically along
‘ol

‘33 with the other three dimensions, but it is not difficult to
N

>;§ conceptualize. If an individual’s ASD year group is taken
14

i to mean the number of years since the initial date of

i

S5

aviation duty, it =zan be seen that ASD year group for an

S5
£ 2%

O

individual progresses directly with time. In terms of the

network structure, this means that any assignment path will

}. . . » .
'yﬂ terminate at a node representing an increase in ASD year
v
i group corresponding to the duty assignment duration.
J' Tk - J _ . _
" 12 constraints on the assignment process can be
Ko
X
< . . .
5:4 represented by various network technigues such as nodal
TaMs
‘S
D - ) .
, external flows (gains and losses to the system) and non-
0.
LV network side constraints (for example, total manning and
LIC)
~.
QL sxperience level requirements for each duty type).
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Computerized Network Maodel

i: This study resulted in development of a computerized

L network model of the Air Force rated officer assignment

% system. The model is a single commodity network flow model
t§ with side constraints. The modeling routine, named GATES,

k is written in FORTRAN 77. It essentially builds a network
& structure to describe the rated officer assignment system.

_S A network optimization routine named NETSID (20) is employed
a' to determine a set of assignments (arc flows) that minimizes
21 a cost-weighted sum of individuals failing to meet their

Sf flying gates. A detailed user’s guide for running the GATES
!’ routine is contained in Appendix A.

% Modeling Routine. GATES provides a means for input of
!

g data and parameters, builds the network structure of the

%5 assignment system, specifies constraints on the network, and
E; produces output data files for use by the optimization

! routine. After the data files are built. GATES calls the

{i network optimization routine (NETSID). Upon completion of

*

:\ the optimization process, GATES calls an output routine

.5 which converts the NETSID optimal flow solution to informa-
.; tion that is usable by AFMPC personnel managers.

;2 The GATES modeling routine was written to deal with

}f only one major weapon system group and one aerconautical

" rating. Separating the rated officer force by aeronautical
lﬂ rating (pilot or navigator) and major weapon system group

. results in a smaller network model for each of the grourps

v: Since there 13 very little cross flow hetween weapon system
:c A
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groups and aviation ratings, little realism is lost by
treating these groups separately. This study focused on
strategic airlift pilots. However, GATES is designed to
handle other major weapon system groups and aeronautical
ratings by adjusting input parameters. GATES consists of
approximately 2800 lines of FORTRAN computer code, including
numercus internal comment lines. A complete listing of
GATES is in Appendix B.

Network Solution Algorithm. The optimization routine
employed in this study is a FORTRAN program called NETSID,
provided by Dr. Jeff Kennington of the Operations Research
Department at Southern Methodist University. NETSID was
developed as a part of Dr. Keyvan Farhangian’s doctoral
dissertation (20:11).

NETSID is based on a specialization of the primal
simplex linear programming algorithm which provides an
efficient means of dealing with side constraints (19:166-
187; 20:11). The algorithm employed in NETSID provides an
increase in efficiency over a general linear programming
routine when the number of nodes in the network is at least
10 times the number of side constraints (20:1-2).

The network problem with side constraints that is

solved by NETSID can be stated mathematically as follows:

(W]
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. minimize cX (1)
WA of

%]
%& subject to Ax = r (2)
oo
X L .
N Sx = b (31
2 >

o

0:::\ 0 < x < wu (4)
L

to)
‘Z‘,.t where

ﬁs
0 A is the node-arc incidence matrix (each row

;i represents a node, each column represents an arc,
ﬁy and the only nonzero entries in the matrix are 1
4 if the arc flows out of the node and -1 if the arc
RW flows into the node),

L
'

*p

‘w S is a side constraint matrix (each row represents
}ﬁr a particular side constraint, each column repre-
X t d the onl n tries in th
o sents an arc, an only nonzero entries in e
° matrix represent the side constraint coefficients-
0 -that is, the multiplicative factor indicating how
:ﬁ much a particular arc flow contributes towards the
y$. : right hand side of the side constraint),

] _

Mt b is the right hand side vector for the side
' constraints,

ltgzl

Sﬂ c is a vector of costs (where each nonzero entry
wa represents the cost of a unit of flow on that

o arc),
n’.,:.

D) r is the right hand side vector for the network
L (that is, the requirements demanded at each node),
L

WO ]
:& u is a vector of upper bounds for the arc flow

' variables (that is, the maximum flow associated
3t with individual ares),

o
o x is the solution vector of arc flows.

<+
:1& Actually, NETSID is capable of solving problems with more
A

Y+
A complex formulation, but the mathematical formulation shown
®.
0N here is adequate for treatment of the rated gate management
4 Y 4
o
. ; problem. (19:168; 20:1)

W As used in this study, NETSID reads data files created
&E by GATES, determines an optimal set of arc flows based on
::i.
‘l':‘ 34
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e

minimizing the total value of the objective function
{subject to conservation of flow requirements, arc capaci-
ties, and the side constraints) and produces an output data

file consisting of the optimal solution arc flows.

Model Assumptions.

As with any representation of a real world system,
there are several assumptions made in this study to permit
development of the GATES model. The assumptions affect the
structure, size, and detail of the network model, as well as
the collection of input data and interpretation of the
output data.

Perhaps the most significant assumption behind the
GATES model is the assumption that the level of aggregation
inherent in the model provides sufficient detail to provide
the necessary insight into the rated gate management
problem. The aggregation assumption permits treatment of
the rated officer force as a large group of individuals
whose attributes can be represented by the average attrib-
utes of the group as a whole.

The minimum time interval modeled in GATES is one year.
Several assumptions inherent in GATES are based on this time
increment. Some of the key assumptions are as follows:

1. Duty assignment tour lengths for the duty

:b’ types modeled in GATES can be adequately repre-
%s sented as whole-number multiples of one year (and
Qu all individuals serve in a duty for "precisely"”
%S this amount of time).
.t

2. All duty rotations, and therefore all assign-

W
w
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ments made during a year, can be thought of as

s&' occurring at the mid-point of the year.

;h‘ 3. The overall manning requirements applicable to
" a particular duty type and year are applied at the
ROA end of the year--after all assignments for that
'!R‘ year have been made.

5 ~

{} 4. Individuals who are projected to reach a

fﬁ particular ASD year group or a particular level of
o flying gate credit by the mid-point of the year

vﬁ can be considered to possess new ASD or gate

" credit at the time of rotation.

ol Other assumptions are required due to the nature of the

ﬁﬁ; network method employed. For example, attrition of officers
&5 from the Air Force occurs throughout the expected assignment
L)

{&& duration. However, the network structure that NETSID is

,:% capable of solving can allow losses (and gains) to occur

‘EE only at nodes of the network. Within the GATES model, an

:?; "assignment” of an officer to a new duty position is

Fq, represented by flow on an arc of the network. Essentially,
s%& an individual is flowing on the arc throughout the average
W

§

duty duration and does not reach a node until the end of

e that duty assignment. As a result, the GATES model assumes
0'. L4
?23 that all attrition losses occur at the end of average
o
"y : ;
M, assignment durations.
‘e Additional assumptions inherent in the network struc-
Oy
o
e ture specified in GATES are described below.
[}
%
0. Model Structure.
.
f . As discussed above, within each aeronautical rating and
\:, :
yi- each major weapon system the flow of rated officers through
Vil

various duty assignments can be thought of as a four-
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dimensional network. Each node in the network has associ-
ated values for time, duty type, ASD year group, and flying
gate credit.

The arcs represent assignments to a new duty. The
differences in time, ASD year group, and gate credit between
the ending node and the beginning node of an arc represent
the change in an individual’s status while serving in the
associated duty assignment. The duty type associated with
the arc’s beginning node represents the duty position
occupied prior to the assignment. The duty type at the
arc’s ending node represents the new duty position which is
occupied after the assignment occurs.

To insure adequate representation of real world duty
assignment options and to insure compliance Qith real world
manning considerations, constraints are applied to various
arc flows. Some of these constraints are internal to the
structure of the network model, such as permitting only
certain nodes to be connected via arcs. Other constraints
are modeled through the use of side constraints.

Model Objective Function. The objective of this model

is to identify an assignment policy which results in maximum
attainment of flying gates while also meeting constraints on
manning and experience levels within variocus duty types.
This objective is modeled by associating "cost"” values with
flows on certain arcs. These arcs are the ones that lead to

nodes with associated ASD year group and gate credit values
representing a failure to meet a particular flying date.
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ﬁa For example, arcs with end-node ASD values equal to 12 years
)

oy

$r or greater and gate credit values less than six years have

an associated cost because assignment (flow) along these

¥.< arcs indicates failure to meet the first (six-year) gate.

'

ﬁa The network optimization routine determines the set of arc
;i flows that results in minimum total cost (maximum gate

ﬁ* attainment) while complying with the specified constraints.
e

ﬁ? The actual costs assigned to the various arcs could

;fx have considerable impact on the model solution. Air Force
.ig Regulatior. 36-20 provides some basis for assignment of costs
‘ﬁ; (8:12). The regulation indicates a great deal of emphasis
~r; on attaining the first (six-year) and second (nine-year)

; j Tlying gates. There seems to_be slightly less emphasis on
Qﬁ completing the third (eleven-year) gate. This suggests

,%% equal costing of arcs resulting in failure to meet the first
?: and second gates. A slightly lower cost might be applied to
gy arcs resulting in failure to meet the third gate.

i; Network Node Parameters. Each node represents a

;ﬁ particular combination of time, duty type, ASD year group,
~:: and gate credit. The number of nodes in the network and the
’,} number of arcs connecting them greatly affects the amount of
1'_.

Eﬁ computer run time required to solve the network. It is

';; fairly easy to exceed practical limitations on the size of a
[}i network that can be solved using an iterative solution

Ei? routine such as NETSID. Large problems usually require many
‘;g iterations, which can lead to numerical problems due to

k; computer round-off errors. 3Jpecification of the four

.:‘ ~.§ 38
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f“. parameters identifying each node determines the overall size

)

:‘f of the network for GATES. These four parameters are built
A ¥

v

L, into the GATES modeling routine.

l' ),

™)

%5 Time Periods. The first dimension that is

P . .

ﬁg required to build the network model is the time dimension.
.

&W~ Because a different set of network nodes is used to repre-

)

"y

:$. sent each time period that is modeled, the total number of

1

o"‘!

m& time periods modeled has a large effect on the size of the

Y network. There are actually two time related decisions that

o
>

:&{ must be made:

[} ‘45

:% 1. What is the smallest time increment that

b should be modeled?

E{ 2. What should be the total time horizon of the
;j model?

e

‘e The answer to the first question depends on the level of

[4

i . .

o detail deemed necessary. The answer to the second question
;é depends on how far into the future one wishes to model.

ol

i

fh In determining the smallest time increment to use,

D)

srx an important consideration is the smallest time period that

:‘J can "satisfactorily” model duty durations. The smallest

)

K

e time increment used also affects two other dimensions of the
[ ]

"3 model--ASD year group and flying gate credit--because ASD
“i year group is incremented by all duty assignments and flying
2.

K gate credit is incremented by assignment to flying duties.
0.

o Discussions with the AFMPC Analysis Division resulted

4, ~'

fx in an initial selection of 0.5 years as the preferred time

[P

S increment (34). Experimentation with the resulting network
iﬁ model indicated a need to increase the time increment to 1.0
g
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o years due to excessive model run times. Subsequent changes

&& in the model structure have reduced the network size,

E@ potentially permitting a return to O.5-year increments.
%f However, GATES as presently formulated uses a l.0O-year

ATy

3? increment.

1)

ﬁ% The selection of a model time horizon for GATES also
?:: involved several considerations. Too short of a time

}h horizon can result in insufficient representation of long-
k& term effects. However, the changing nature of manning

g; requirements and the force structure suggests that exces-

sively long time horizons may result in long-term predic-
e tions based on invalid assumptions. Much planning data

-

important to this model is predicted out for the next five
years as basis for the Five Year Defense Program. The

availability of this data--as published in the Rated

q. Management Document--resulted in selection of a five year
hg . . .
A time horizon (9).
>
A Because the estimated average duration of some duty
&
v
ﬁa assignments is approximately four years, a five year horizon
Y,
N may result in "optimal” soclutions that fail to account for
o
J;. the effect of long duration assignments. When a duty
" gd
‘-‘.
o assignment such as AFIT (1.5 years) and a follow-on Rated
o
':{ Staff/Supplement tour are considered, the total effective
E;. duration of assignments outside the cockpit can be five
:x' years or longer. This limitation of a five year horizon
1)
e
y must be recognized when interpreting model ocutputs.
S
:.::o
o,
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: If a five-year time horizon is found to be insuffi-
W
" cient. one solution may be to extend the time horizon for an
W additional two to three years and apply the planning data
o
‘?, (manning requirements) from year five to all subsequent
=
?ﬁ years.
E Since much of the input data for the GATES model is
)
‘o
:“ based on fiscal year planning, fiscal year begin and end
A
L}
:5 dates are a logical choice for the beginning and ending
4
z‘ times for each modeled time period.
‘: Duty Types. Duty assignment type is the second
»
%; dimension used to identify nodes in the GATES network model.
o . . .
e The actual variety of rated officer duty assignments is
(..
N extensive. However, only a few factors need to be examined
N in determining the level of duty type aggregation that is
[ 4
4
“ appropriate to the rated gate model:
¥
)
% 1. Contribution towards gate credit (flying
:. versus nonflying duties};
|
ok,
. 2. Average duty duration (tour length);
,ﬁ 3. Preceding and follow-on assignment possibil-
A ities.
tyf These characteristics determine which nodes are connected
]
2 together by assignment arcs in the network model. For
} instance, whether a duty assignment results in date credit
- accumulation determines if the end-node gate credit value is
L
7 the same as the begin-node value (nonflying duties) or is
W
'E incremented by an amount equal to the duty duration (flying
¥
.; duties).
1
\
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Consideration of these characteristics resulted in
initial identification cof five duty catedories: operational
flying, advanced student (flying), rated supplement and
(tnonflying) staff, Air Force Institute of Technology (AFIT)
graduate student (including civilian institution programs),
and resident professional military education (FPME).

However, it was difficult to separate advanced students from
operational flying duties when the initial data was extract-
ed from the AFMPC database. As a result, advanced students
were included with operational flying duties. Since
operational flying is the only likely assignment following
duty as an advanced student, the only adjustment required by
combining the two duty types was an increase in the average
duty duration for operational flying.

The resulting four duty assignment categories, brief
descriptions, and their estimated assignment durations to
the nearest half-year increment are as follows:

1. Operational Flying; includes all flying duties
within the major weapon system, including Advanced
Student, and results in gate credit accumulation;
3.5 years.

2. Rated Staff /kated Supplement; includes all
nonflying duties except those included in "AFIT”
and "PME"; 3.5 years.

3. AFIT;, includes all full-time graduate degree
programs; 1.5 years.

4. PME; includes Air Staff Training (ASTRA) and
all resident FME :-ourses reguiring a permanent

change of stati:rn - this includes Intermediate
Service Schosnl ani Senicor Service School, but not
Cquadron Officer Jcohooldy, 1.0 yvears.

WU ~",.;-"\..." . G0N o, s ¥ 0 O, '-'L'-'_ T *,
Hgtose CRTE
A AR vf"of‘ft.'.‘.o. NV RV T Y

o




hnatdictak o iak Sall ool Y — T Ty Lol

All estimated duty durations are whole number multiples of

-~

0.5 years, but they are generally not whole number multiples

U
;

" of 1.0 years. Thus, selection of a 1.0-year minimum time
‘§ increment causes some potential problems with realistic

i modeling of duty durations. One way to deal with this is to
. make model runs using duty durations which bracket the

f =stimated average duration, such as making runs at 3 years
jf and 4 years for operational flying assignments, and compare
r

“ the results.

-? Aviation Service Date Year Group. The third

g dimension identifying GATES network nodes is the aviation

g service date (ASD}) year group. For the purposes of this

‘g study, 1ndividuals who began aviation service within the

‘; same une-yecar period belong to the same ASD group. During
( model time period one, those who began flight duties within
. the year immediately preceding the first year modeled are in
u

; ASD year group l; those who began flying two years before
5. model year one are in ASD year group 2; and so on. An

)

:r individual 's A3D year group increases as time progresses,

E since ASD represents the number of years since the initial
& aviation service date {for the GATES model).

Grouping by aviation service date provides a ready

P> Qe

means for monitoring compliance with flying gate require-

q

;: ments because these requirements are based on aviation

‘C4

j service date. Since it is Air Force policy to keep rated

4

Y officers in operational flying assignments continucusly from
. initial date of aviation service until they have accumuiated
: )
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6 years of flying g€ate credit. the first ASD group of
interest to this study is ASD group 8. However, A5SD groups
below 8 are also modeled, since individuals in these low ASD
groups will progress to higher ASD groups during the model
time horizon.

Since the last flying gate must be met by 18 years of
aviation service, ASD group 18 is the last group of interest
in terms of gate management. Individuals belonging tc ASD
year groups greater than 18 are included with ASD group 18
in the GATES model.

Since a 1.0-year time increment is used in GATES, ASD
groups are also incremented by multiples of 1.0. Including
those who have not yet reached the one-year group, there are
a total of 19 ASD year groups in the gates model (zero
through 18).

Flying Gate Credit Accumulated. The final
dimension that identifies each network node represents the
amount of flying gate credit that has been accumulated. The
tracking of flying gate credit is essential to this study.
By comparing gate credit accumulated with ASD year group at
each node, it can be determined which nodes represent
failure to meet flying gates. Costs can be assigned to the
arcs leading to these nodes. Since the network optimization
routine will attempt to find a solution which minimizes the
total cost of arc flows, the final solution will generally
specify assignment to flying duties for those individuals
who must fly in order to meet gate requirements.
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o Based upon the Air Force policy of flying rated

xﬁ officers continuously for the first 6 years of rated
:w' service; this study assumes that all rated officers accumu-
.\: late gate credit equivalent to their ASD year group until
E% six years of aviation service. Since young aviators with
%? gate credit amounting to less than six years may transition
3{ above the six year group during the model time horizon, gate
53 credit values down to zero are modeled by GATES.
: =) Once an officer has accumulated 11 years of gate

~
Efﬁ credit, the last flying gate requirement has been met. Many
?g rated officers with over 11 years of accumulated gate credit
. continue to fill cockpit positions, but these individuals
;~§ are included in the 11 year gate credit group in the GATES
N
kﬁ model.
;J: Since the minimum time increment used in GATES is 1.0

vears, gate credit can only be accumulated in multiples of

e

one year in the model. Therefore, GATES includes 12 values

©,

of gate credit accumulation: zero through 11 years.

-
5
LY

f&g Network Dimension. The overall size of the

ﬁ;; network can be estimated by multiplying the number of values
§{ modeled for each of the four node parameters: (5 time

‘% periocds) x (4 duty types) x (19 ASD groups) x (12 gate

t? credit values) = 4,560 nodes. Actually, the number of nodes
j:3 in the GATES model is significantly less than this because
EE some of the nodes do not exist for certain combinations of
iﬁ ASD year group and gate credit values. GATES, as applied in

8.
g
X
.-f.
}
‘ v
o
)
[ 3
»

this study, builds a network containing 975 nodes.
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‘i< Note that a change in the minimum time increment used

<

;? affects three dimensions of the network: time, ASD year
Z“ group, and flying gate credit accumulated. There is little :
Z: point in decreasing the time increment without also decreas- %
X ‘
.Q ing the increments for ASD year group and flying gate credit }
%j accumulation. If O.5-year time increments were used in |
; GATES and all else remained the same, there would be nearly
3. eight times as many possible nodes: {9 time periods) x (4
2- duty types) x (37 ASD groups) x (23 gate credit values) =
.~
:; 30.636 nodes. Again, the number of nodes modeled could be
[\
gf: reduced due to various constraints.
‘t Network Arcs. The ares of the network connect only

.
%% certain combinations of nodes. Flow on an arc can be

»; thought of as representing time spent in a duty assignmént.
4
tﬁ Immediately before beginning a new duty assignment, an

f individual’s current status 1is represented by the parameters

ﬁm of the node at the beginning of the "assignment” arc. The
i{ parameters describing the arc’s ending node have two

i meanings: the ending node's duty type parameter indicates i
:3 the duty occupied immediately upon arc entry; the remaining i
:% parameters of the arc’'s ending node represent the status of ;
E‘ the individual upon completion of the duty assignment (the 1
i accrued time period, ASD year group, and gate credit). The
o rules used by GATES to determine which nodes are connected

o,
:; by arcs are discussed below in the section on structural
‘g constraints. As implemented in this study. GATES builds a
?ﬁ network containing C2.374 arcs.
x 6
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External Flows. Besides the flows that occur along the

arcs of the network, the GATES model provides for “"external”
flows--flows that enter or leave the network. A network
requires nodal cgnservation of flows. That is, flows into
each node must equal flows out of each node. Generalized to
the entire network, this means that external flows into the
network must egqual external flows out of the network. Flows
entering the network at a node are called "positive external
flows."” Flows leaving the network at a node are called
"negative external flows.” (16:2)

In the rated gate management model, external flows are
used to represent officer rotations into the network, to
account for attrition, and to represent manning requirements
extending beyond the modeled time horizon. The rotations
into the network are modeled with positive external flows,
whereas attrition and end-of-time-horizon requirements are

modeled with negative external flows.

Rotations_and Gains. Positive external flows are
used to initialize the network. Basically, individuals

enter the network at nodes representing the expected time of
their next duty assignment rotation. This time of initial
rotation is projected by examining the dates that individ-
uals arrived at their current duty station and adding the
average duration for that particular duty as modeled by
GATES. The node at which individuals enter the network is

further defined by the current duty type, the proijected ASD
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;“;
jj year group (as of the time of projected rotation), and the
e projected gate credit level.
’
?; Rotation data is extracted from the AFMPC data base and
ég is input to GATES from a data file. The data is aggregated
@f by time periods (representing a range of date-arrived-
#5 station values), current duty types, ASD year groups, and
g& gate credit amounts.
\J
;ﬂ Positive external flows are also used to input expected
}\ gains to the major weapon system group. The rotation data
)
h& applies only to individuals who are already identified with
" a particular major weapon system group and aeronautical
%' rating (strategic airlift pilots were modeled in this
;;2 study). Additionally, the Rated Mangement Document (9)
")
:?“ contains data on expected gains to the major weapon system
}ﬁ for the next five years. These gains include new graduates
%‘ of undergraduate flying training programs. Gains also
%3 include individuals who served their first flying duty as
g? flight instructors with Air Training Command and have not
%} yet been identified with a major weapon system group (often
l% referred to as FAIPs--First Assignment Instructor Pilots).
g Attrition Losses. Negative external flows are
.2; used in GATES to model losses from the major weapon system
:%: group due to attrition (such as retirements and separations
52 from the service). The AFMPC Analysis Division estimates
iﬁé the expected retention (continuation) rate for each major
~a; weapon system group, aeronautical rating, and ASD year
3; group. GATES applies these continuation rates to the total
-
" 48
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A number of individuals in each ASD year group at the start of
R the modeled time horizon to determine how many from each ASD
‘ . group are expected to be lost each year. This yearly

attrition amount for each ASD year group is further divided

8
% among duty types and gate credit values to determine the

% negative external flow that should be assigned to each node.
g In the GATES network, individual flows arrive at nodes
;L only at the completion of a tour of duty. By using negative
% external flows to model attrition, GATES relies on an

’j implicit assumption that attrition can occur only upon

‘3 completion of a tour of duty.

; Actually, attrition occurs throughout duty assignments.
% Conceptually, this is only a small problem since the total
’J attrition demanded by the nodes representing a particular

;) year and ASD group corresponds with the expected losses to

§

; that ASD year group. However, the number of individuals

! from each duty/ASD/gate credit combination that are avail-

% able for rotation varies each year. As a result, for some
'U situations there may be insufficient flows intoc a particular
X node to supply the negative external flow (attrition)

;j demanded at that node. For situations when this occurs,

: GATES provides a simple means for varying the modeled

o distribution of ASD groups among duty types and gate credit
g values. By specifying positive and negative values of an

$ input parameter (named "CHANGE"), the amount of attrition

v

. demanded at any particular node can be adjusted. Though

;E this is a somewhat circuitous (and imprecise) means of

- 49
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obtaining a feasible solution, the distortion is probably
not significant if care is taken.

End Requirements. The final node in the network
is assigned a large negative external flow to provide an
overall balance to the network. The external flow assigned
to this end-of-network "sink"” node is calculated by summing
all rotations and gains into the system and subtracting all
losses (attrition) from the system.

This node represents manning requirements occurring
beyond the time horizon of the model. This sink node is fed
by four nodes--one for each of the duty types—--that collect
all assignment flows that would terminate beyond the time
horizon of the model. The assignhment of a largde negative
external flow to this node helps enforce nodal conservation
of flow.

Model Constraints. Model constraints provide a means

for controlling the network solution so that results more
closely conform to real world criteria. Some constraints
are imposed upon the network structure within the GATES
modeling routine through specification of nodes and arcs.
Other constraints are modeled through the use of side
constraints. The side constraints are identified in GATES
and are used by NETSID during the optimization procedure.
Side constraints are constraints that apply to flows across
multiple arcs.

Structural Constraints. The structural con-
straints in GATES determine which combinations of duty type.

50
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ASD year group, and gate credit accumulation “"exist"” and
therefore identify nodes in the network. Structural
constraints also determine which nodes are connected via
arcs. Unless two nodes are connected by an arc, there is no
means (within the model) to transition between the states
represented by the two nodes.

The following is a list of constraints imposed on the
network structure:

1. The maximum ASD year group attainable is 18.
Though inidividuals actually enter higher year
groups, they remain in the 18 year group in GATES
because gate requirements are tracked only until
the 18-year point.

2. The maximum gate credit accumulation possible
is equal to the ASD year group or 11 years,
whichever is less. Though many individuals
actually fly beyond 11 years of gate credit, there
is no need to do so from the standpoint of gate
requirements. Gate credit greater than 11 years
is not differentiated from gate credit equal to 11
years in the model.

3. Flying duties result in accumulation of
additional gate credit equal to the duration of
the assignment, whereas nonflying duties result in
no increase in gate credit. Thus, only certain
combinations of nodes are connected by arcs
representing the various types of duties. Arcs
representing flying duty assignments lead to nodes
indicating an increase of gate credit, while arcs
representing nonflying duty assignments do not
result in an increase of gate credit.

4, Individuals with six years or less of aviation
service occupy only flying duties. As a result,
their gate credit accumulation equals their ASD
year group. Though there are a few real world
exceptions to this, Air Force assignment policies
minimize the number of exceptions (8:17).

5. AFIT assignments lead only to staff/supplement
assignments. This conforms with the stated

requirement to serve a minimum of three years in a
nonflying duty following AFIT and policies against
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assignment to PME until a minimum of three years
following an AFIT assignment (8:45; 11:21).

6. AFIT assignments are available only to ASD
groups less than 14 years. Very few rated
officers in year groups above this attend full-
time AFIT progams.

7. Individuals occupying a PME assignment cannot
flow to another PME assignment. PME is a limited
opportunity and back-to-back PME assignments are
contrary to reality.

8. PME (including ASTRA) is available only to ASD

year groups 6 through 8 (ASTRA), 12 through 14

{Intermediate Service School), and 17 and above

{Senior Service S5chool). This corresponds with

the approximate eligibility periods for assignment

to these special duties.

9. Attrition occurs only at Flying and Staff/Sup-

plement nodes. This conforms with the real world

service commitments that are incurred as a result
of an AFIT or PME assignment.

In addition to these structural constraints that are
built into the GATES modeling routine, side constraints are
used to control the flows on certain arcs.

Side Constraints. GATES specifies side con-
straints for insuring manning and experience requirements
are met. These side constraints result in a solution from
NETSID that represents assignment of sufficient personnel to
each duty type. GATES also provides a means of specifying

the mix of individuals--by ASD year groups--that are

assigned to a particular duty type.

The manning requirements for each of the four duty

[~

:f types modeled can be obtained from the Rated Management

:* Document (9). GATES provides a means for specifying these
B requirements for each fiscal year. GATES also permits

-

5 52

>

0 T 0 g e Ty
SR ’4‘,‘1“,‘:“‘1'»’& L

KB DD DN ) OO CONDOONOOTIRDOOL Y
-'."’i‘r-_‘.ii'o}‘lj?’}l_’kf.".‘.i; ¢ :.I i:“,*!‘?d‘f*f‘ﬁ?‘fn‘,'-.'.f:“‘n"‘*e‘f"f‘th‘w UGN Vad gt



LYY

f e s
v

ol I

X
L AN

»

o & :‘_
’;:J}.”N

" -
XA

Oariulls
ge,’ 0

specification of undermanning and overmanning tolerances.
These tolerances identify the percentage by which the NETSID
solution is allowed to undershoot or overshoot the stated
requirement for each duty type and fiscal year.
Essentially, GATES identifies all arcs which represent
individuals occupying a particular duty type during a
particular year and assigns the manning requirements for
that year and duty as the associated side constraint. The
NETSID routine insures that the total of all flows across
the indicated arcs complies with the associated side
constraint(s). Each manning requirement translates to two
side constraints: a "greater-than" constraint which
requires the sum of the associated flows to be greater than
or equal to the undermanned requirement (the requirement
reduced by the undermanning tolerance amount); and a "less-
than” constraint which requires the sum of the flows to be
less than or equal to the overmanned requirement (the
requirement increased by the overmanning tolerance amount}.
Experience level reguirements can also be specified in
GATES. These side constraints may be necessary to insure
that particular duty types are manned by the right mix of
individuals (that is, the NET3ID optimal arc flows include
sufficient flows along the proper arcs). For example, it is
important that flying duties be filled by a sufficiently
large percentage of "experienced" flyers. If no side
~onstraint is specified, the NETSID solution may indicate

assignment of insufficient experienced individuals t. filying
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duties. By specifyving side constraincts, WETIID -an s
‘s,
‘b . . . . . . .
& forced t©o produce a zo0iution more representative of real
v
.; world considerations.  Otherwise, the optimization raoutine
=
- will always reszsult in merely the "least-cost’” =sclution.
-.
'g The structure provided in GATES for input of experience
L}
N level constraints is flexible enough te allow identification
4 . . .
2 of as many constraints as is deemed necessary to force a
\
2,
8 o . : . .
;A realistic solution. The inputs required to specify each
1Y
" experience level side constraint are as follows:
0
‘: 1. The duty type;
A
X - . .
X 2. The ASD year group that serves as the “cutoff

q {the overall group being constrained is all ASD

: groups greater than or equal to the cutoff group,
or all ASD groups less than or equal to the cutoff
group, depending on the type of constraint};

"R A AR

‘ 3. The percentage of total manning within the
‘ duty type that must consist of the designated ASD

.3 vear groups;

A

ir 4. The type of constraint--"less—-than" or

13 "greater-than"'--that applies (this indicates

M whether the percentage of positions filled by the
; specified ASD groups is a maximum or minimum

v, requirement and also indicates whether the

.} applicable ASD groups are greater-than or less-
k than the cutoff ASD).

1 3

; Because different rules are used for applying less-than and
i greater-than constraints, some degree of flexibility is

" provided.

Je

.i As an example of a "greater-than” experience level

,f constraint, it could be specified that a minimum of 80

1$ percent of all flying duty positions be occupied by indivi-
y duals belonging to ASD year group six or higher. In

)

3 determining which arcs are constrained by this requirement.
W
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GATES would examine all arcs terminating at the indicated
duty type with an end-of-tour ASD group greater-than-or-
equal-to six. The total of all flows on these Arcs would
have to be greater-than-or-equal-to 60 percent of the total
manning requirement for flying duties. This constraint
applies individually to each time pericd in the model.

As an example of a "less-than"” constraint, it could be
specified that a maximum of 40 percent of all flying
pisitions be occupied by individuals belonging to ASD year
group five or lower. In implementing this constraint, GATES
would examine all arcs terminating at flying duties with
beginning ASD groups less-than-or-equal-to five. The total
of all flows on these arcs would have to be less-than-or-
equal-to 40 percent of the total manning requirement for
flying duties.

Because GATES uses the duty tour beginning or ending
ASD year group in determining whether an experience level
constraint applies to a particular arc, the change in ASD
year group that occurs during a duty tour duration must be

considered when specifying experience level requirements.

Model Inputs

The inputs to the model were obtained from the AFMFC
personnel data base and the Rated Management Document, a
twa-volume publication updated annually that contains rated

personnel planning data from the Air Force's Five Year

Lefense Trogram (9; 10).
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A Input Data File. The data that provides the bulk of
52 the positive external flows into the network must be
1_ compiled from the AFMPC data base prior to model run time.
Ef The required format for the data file is specified in the
ﬁi GATES User’s Guide (Appendix A).
;‘ The data is collected for rated officers assigned to a
? selected major weapon system group and aeronautical rating,
:k for example strategic airlift pilots. Within this group,
14
?W‘ individuals are categorized by current duty type, ASD year
i‘ group, and years of gate credit accumulated. For each of
:? these duty/ASD/gate combinations, the data file lists by

g time period the total number of individuals that arrived at
é: their current duty assignment. Using the chosen duty

f: durations and the arrived-station date, the time of next
. expected rotation can be determined. By incrementing ASD
%b and gate credit values accordingly, the node at which each
fﬁ group of individuals should enter the model can be deter-
jg mined.
§ Input Parameters. GATES is designed to provide a large
T; degree of flexibility in specifying modeling parameters.

ii The values of these parameters can be adjusted, allowing

0

é— application of the model to a broad range of major weapon
'i system groups. As presently implemented, GATES does not

:: provide an external means of adiuzting parameters. Instead,
s
e: all changes must be made internally to the FORTRAN code and
H: the file must then be compiled and linked to NETSID before
g runining the program. However., all of these parameters are
EE; 56
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contained in a single section (Section II) of the GATES
routine.

The following parameters can be easily adjusted within
the FORTRAN code by changing the right hand side of the
assignment statements in Section II of GATES:

1. The average duty duration, in years, for each
of the four modeled duty types;

2. The costs assigned to arcs associated with
non-attainment of gates (different values can be
assigned for each gate);

3. The number of gains to the major weapon system
for each year, broken out by gains from under-
graduate flying training and gains of First
Assignment Instructor Pilots (FAIPs);

4. The manning requirements for each of the duty
types and each of the years;

5. The breakout of PME/ASTRA duties by the number
of positions for each of the three categories--
ASTRA, Intermediate Service School, and Senior
Service School;

6. The amount of overall overmanning or under-
manning (as a percentage of baseline manning

requirements) allowable for each of the duty types
and each year;

7. The continuation (retention) rates for ASD
year groups 6 through 18 for each of the modeled
years;
8. The distribution of persocnnel in ASD year
groups 6 through 18 (by percentage) among the
modeled duty types and gate credit values (this is
used in calculating attrition external flows).
Besides adjustments to costs associated with not attaining
particular flying gates, additional flying time goals--with
assocliated costs for noncompliance--can be specified.
Also, a relatively simple means for specifying manning

experience levels for any of the duty types is provided. It
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)
;Vﬂ is assumed that such experience reguirements apply across
) 4 H
N . . . .. .
;ﬁ each time period individually. The overall experience level
Qf within a duty type must be expressed in terms of the minimum
“2 or maximum percentage of positions that are to be occupied
ab
?% by individuals from specified ASD year groups.
:;"4
¥
> Model Outputs
“ ~
(
%: The output files produced by the GATES model serve
L3
[ 4
‘L several purposes. Some of the files serve as temporary
2
LY Y
% storage locations for data used in building the network and
It ]
L)
55 solving it; one file contains a presentation of the optimal
N
’ network soclution in terms of duty assignments; and other
o
:;; files contain auxiliary information useful in debugging
K ‘e
< o . o .
L* model modifications and verifying the model logic structure.
o Network Data Files. GATES produces four data files
4.7 that serve to describe the entire structure of the gate
K
’
h: management network, including external flows and side
L)
33 constraints. These files (named "FOROO1l.DAT" through
e
.‘l
$k "FOROU4.DAT") are subsequently read by the NETSID routine
n
e . .. . .
ﬂq during the optimization phase. Example lines from these
{ . . .
" data files are in Appendix C.
tl,‘
o NETSID produces two additional files. “FOROO7.DAT"
"
vl contains optimization information such as the final objec-
0. . . .
S tive function value and the number of iterations required,
:"‘5
:z; as well as a complete list of the solution arc flows.
4
;h. "FOROO8.DAT" contains only the optimal solution arc flows:
R
; ,"
Aﬁ
o 58
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K. it is subsequently read by GATES to produce a final solution
o
"
:ﬁ, output file. A sample of "FOROO7.DAT" is in Appendix D.
Information OQutput File. The optimal assignment
N
1,
o schedule, including identification of any assignments
¢\
L\ resulting in gate non-attainment, is contained in a file
i
@: named "ROTEPLAN.OUT." It is simply a formatted ocutput of
LN
L]
g? the data ~ontained in "FOROOB8.DAT." A sample of this file
EN)
&: is in Appendix F.
4
k: Auxiliary Output Files. Two additional files are
‘s
b' produced by GATES for use in debugging, validation, and
1y
“ﬁ verification. "SANITY.OUT" contains various information
|
T derived from the input data and from calculations performed
{ﬁ
f{ by GATES (see Appendix E). "NODEARC.OUT" is simply a list
Ly
k‘ of all network arcs with their beginning and ending nodes
g, {see Appendix G). The four parameters identifying each of
Ny
L3 the nodes are also listed in "NODEARC.QUT. "
[)
o
g) Screen Output. When run interactively, GATES and
fb NETSID output some information to the terminal screen.
N
)
_:: Screen output includes information useful in monitoring the
d
.
'.- performance of the routine, as well as general information
f about model inputs and the size of the network built by
E% GATES. An example of the screen output is in Appendix H.
ks
o. Model Run Times
o
~ The run times of the GATES model depend on the particu-
oy
[
. L]
:‘ lar computer system being used. During the initial stages
of model development, GATES was run on a Digital Equipment
2
4 59
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Corporation VAX 11/785 mainframe computer. During periods
of low computer usage, total run times for GATES were
approximately 20 minutes and about 10 minutes of CPU time
were required. During the final stages of model develop-
ment, a VAX 8650 computer became available. The performance
improvement was significant: total run time was reduced to
about 4 minutes with about 2 minutes of CPU time required.
The actual run time varies with the number of itera-
tions required by the optimization procedure, which depends
on the particular parameters used. The number of iterations

required varied between 1800 and 2500, depending on the

parameters specified.

Model Verification

Model verification can be thought of as the determina-
tion of whether the model actually performs in the manner
that it was intended to perform. Note that this is differ-
ent from determining whether the model adequately represents
the real world system; that determination is made during the
validation phase.

In reality there is much overlap between verification
and validation. Many analysts do not even distinguish
between the two phases and treat them together. Forrester

and Senge state that the "ultimate objective of valida-

tion...is...confidence in a model’s soundness and usefulness
as a policy tool” (13:211). Verification involves determin-
ation of the model’s soundness. The model’s usefulness
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3Z§ {including the degree to which it represents reality) is

hif discussed under the section on validation.
{14 Since verification focuses on the model’'s internal

:ij soundness, the logic and structure that go into developing
f? the model provide a reasonable basis for model verification.
%% Forrester and Senge identify several methods for verifying
§% model structure. Among these methods are the "structure-
3& verification" test and the "boundary-adequacy’ test (13:212,
e 214-215).

A

;5 Structure-Verification Test. Forrester and Senge state
m@ that verification of model structure involves "comparing

éﬁg structure of a model directly with structure of the real

f%ﬁ system that the model represents” (13:212). The general

}f' | idea here is that a model that is structured like the real
?}Q world system will behave like the real world system. This
i;§ is the attitude taken during development of GATES.

%S. The degree of aggregation required to reduce the rated
i: officer gate management issue to reasonable proportions

:Tﬁ necessitated some major simplifications during development
}‘; of the GATES model. For example, the assignment process is
;2 examined only once each fiscal year (the impact of a one-
%E yvear time interval in GATES). Although this assumption may
‘;f hide some of the system fluctuations that rated officer

U& managers need to know about, the level of detail still is
?E sufficient to provide a significant improvement over the

N8 existing arithmetic model.

) U, LM M)
|i‘?s'i§o'i."

L hA 4
"n R .1'.&»'5!



™) - - . -
2w Ox

Pl

~.

Sl

-
.

RSN @ A @

o P

W,

MR A -

W W A WS Ww WY wwrwr

o’y

5 LI LA A AR

An area in which GATES seems to fail the structure-
verification test is in its treatment of attrition. Given
that.attrition actually happens throughout the period of an
assignment, the GATES constraint that attrition only occurs
at rotation time seems to violate the real world situation.
However, this is not a real problem. Given that attrition
occurs throughout a duty assignment in the real world,
assignment officers are sometimes required to "fill"
vacancies that occur only partially into a full tour of duty
in that position. By requiring attrition to occur only at
the end of a full assignment duration, GATES does not allow
for these intermediary assignments to occur. Over the broad
picture, though, the number of required assignments should
not change due to this modeling assumption. Furthermore,
though the GATES assumption allows only rotating individuals
to be attrited, the method of calculating attrition at each
node helps insure a fairly realistic distribution of
attrition across ASD year groups, duty types, and flying
time.

Boundary Adequacy Test. The purpose of Forrester and

Senge’s boundary-adequacy test is to consider the “structur-
al relationships necessary to satisfy a model’s purpose.

The boundary-adequacy test asks whether or not model
aggregation is appropriate and if a model includes relevant
structure” (13:214).

One factor that may readily test the adequacy of the
modeled boundaries of GATES is the realistic average duty
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duration. Discussions with the AFMPC Analysis Division
indicated a difficulty with determining average duty
durations for flying duties and rated staff/supplement
duties (34). Examination of the rotation data obtained from
the AFMPC database indicates that the average duty duration
for flying and staff/supplement duties is probably in excess
of three years and may approach four years. Considering
that the modeled time horizon is only four years, this
aspect of the model boundary may bear further scrutiny. If
the model’'s usage 1s limited to short term indications or

very general long term effects, this point appears to be

insignificant.

Model Validation

The validation phase of this study involved assessing
the usefulness of the GATES model. As stated by Forrester
and Senge, "It is pointless to try to establish that a
particular model is useful without specifying for what
purpose it is to be used” (13:211). The stated purpose of
this study was to develop a model to help improve the
effectiveness of rated officer force management. The final
validation of GATES will occur if and when it makes a
contribution towards increased effectiveness in gate
management.

Some of the key tests that can be used in model
validation are categorized as behavioral tests (13:217-

223). Two of these tests identified by Forrester and Senge
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are the "behavior reproduction” test and the “"behavior
sensitivity” test (13:217-219,222-223).

Behavior Reproduction. Behavior reproduction tests

include several methods of determining the extent to which
behavior in the model matches real world behavior under
similar conditions (13:217). This test appears highly
applicable to the GATES model with reference to the experi-
ence level side constraints.

During initial phases of model development, GATES
contained no provision for specifying minimum experience
levels (based on ASD year groups) for specified duties. The
initial solution outputs showed large numbers of individuals
in the older ASD groups being assigned to nonflying duties
once they had met their gates. This seemed to be somewhat
contrary to the real world situation, but seemed consistent
with the lack of any experience regquirements in the flying
duties (in the GATES model). Consequently, the optimal
solution to these initial versions of GATES seemed to
provide overly optimistic results concerning achievement of
flying gates.

With the addition of an experience level constraint
suggested by the AFMPC Analysis Division (35), the optimal
solution resulted in more individuals not attaining their
flying gates. Subsequent structural changes to GATES
reduced the impact of the specified experience level
requirement. However, adding a requirement for a certain
level of experience in flying duties reduces assigoment
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flexibility and may result in fewer people attaining all of
their flying gates, as would be expected in the real system.

Another case of expected behavior reproduction occurred
when the undermanning tolerance for flying duties was
reduced. This resulted in a more restrictive side con-
straint on assignments to flying duties. As might be
expected, the result was assignment of more individuals to
Tlving duties.

EBehavior Sensitivity. This test relates to examining

model behavior in light of parameter changes (13:222).

b

Since several parameters are easy to adjust in GATES, it
lends itself well to sensitivity analysis. The major
shortcoming in this regard appears toc be the over-
sensitivity of negative external flows (attrition) to other
changes. Due to the method of modeling attrition in GATES,
attainment of a feasible solution for a particular set of
inputs often requires adjustment of the attrition distri-
bution. The same number of people are attrited overall, but
the amount of attrition occuring at each particular node is
~hanged. Further analysis of the sensitivity of GATES to

parameter changes 1s contained in the next chapter.

Summary

This chapter has presented the methodology employed in
an attempt to deal with the rated gate management problem.
The aggregation required by the network mcdel limits the

amount of detail provided by the model. However, the GATES
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b model incorporates some of the dynamics of rated force duty
@” rotations and provides potential insight into the affect of
e these rotations on compliance with gate requirements. The

next chapter provides a discussion of the results of several

{. runs of the GATES model.
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WY This chapter presents the resuits obtained from the

K

; GATES network model. The chapter begins with a discussion

K

!’

| 2T considerations relevant to interpreting network

?

¢ . . . . . . -

i solutions. The discussion continuss with an analysis of the
ﬁ

! solutions provided by GATES, including an examination of the
1

’ sensitivity of GATES to various input parameters. The

LY

’f chapter concludes with a treatment of the practical

KA

n . . . - 1

s implications of the results.
¥
X
L) - . - . .

4 Solution Cousiderations

R«

§ ) . . . . )

K A analysis of results obtained from an optimization

.

),° . .

B procedure such as the NETSID routine must include

[ 4

{

B consideration of some of the peculiarities of optimization

N)

™ procedures based on linear programming methods. These

9

)

e . .. . . . . .
peculiarities include the potential for multiple optimal

: solutions and infeasible zolutions. Additicnally, the

4]

b . . . - 0 . .

R sensitivity of the solution to changes 1n the input

1]

]

W variables iz of practical importance.

Y Multiple Optimality. Optimization procedures such as

| linear programming and its specializations, including

s network programming, are designed to produce the "best”

{

) solution possible based on maximizing or minimizing the
& stated objective function of the problem. In some
‘)

. situatiuns, more than one set of solution values will

X produce the same optimal objective function value. In these
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,q cases, an optimization procedure such as network programming
R

|}

x will generally identify only one solution. There are
v : .

. methods available for identifying all alternative optimal

)

Y . N . . .
f' solutions for some linear programming formulations, but
Ay

)
) these are not directly applicable to the GATES/NETSID

R
,;‘ formulation (30:99-114).
)
# For a cost minimization problem where a lower bound of
2

B zero is placed on the prospective minimal cost, such as 1in
;“ the GATES model. a solution which produces an objective

)

O“

m function value of zero is likely to be only one of several
l"

x possible minimum cost solutions. A similar situation could
q

i occur even when the optimal objective function wvalue is not
B
‘E zZero.
L)
"\ Interpretation of any results from GATES must consider
[
E, the possibility of multiple optimal solutions. A zero-cost
)

’.
‘& objective function seems likely if the number of flying duty
Y . . .

% positions exceeds those required to allow all rated officers
. to meet their flying gates—--as may be the case in some major
)
R weaporn system groups. For the inputs used in this study the
()
L)

x resulting objective function was consistently greater than
‘2 zaero, but the possibility of multiple optimal solutions

’

f still exists. In some cases the objective function costs

M could result entirely from individuals who enter into the

]

12 network model already in positions from which they cannot
4'0

) . . . .
M meet flying gates. The optimal solution presented could be
e W
a0
# just one of many which would prevent any additional costs
[

bR
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beyond those that are already unavoidable. Examination of
model outputs can help identify situations such as this.

The addition of increasingly more side constraints on
the problem will tend to reduce the number of alternative
optimal solutions, since constraints reduce the region of
feasible solutions. If the analyst suspects the existence
of alternative optimal soclutions, addition of side
constraints that increase the realism of the model outputs
may be appropriate.

Infeasibility. Solutions to linear programming
problems which include artificial variables in the basis
solution set are "infeasible” solutions. In other words,
such solutions do not exist within the specified bounds of
the problem. An artificial variable is a variable that does
not really exist but must be created in some cases by the
optimization procedure to permit the procedure to produce a
solution to the problem. Examination of the NETSID computer
code and solution cutput indicates that NETSID assigns a
cost of 20 or 40 to artificial variables. (Costs assigned
to arcs leading to gate non-attainment should therefore be
less than 20.)

A set of input parameters that results in an infeasible
solution can still provide some valuable information. When
GATES and NETSID produce an infeasible solution, the output
files must be examined to determine the degree of
infeasibility. If the solution arc flows indicate that
relatively few units of artificial flow are created at some
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nodes in order to produce a solution. the artificial flows
can be considered negligible in light of the aggregate
nature of the model.
Infeasible solutions can result for several reasons,
including the following situations:
1. Overall demand exceeds supply (attrition plus
end-of-network sink value exceeds gains plus

rotations into the network);

2. Overall supply exceeds demand (opposite of the

above);

3. The demand at a particular node, such as the
attrition demand, exceeds the available flow into
that node;

4. The supply at a particular node exceeds the
flows that can leave that node;

5. Side constraint limitations are exceeded.
GATES pefforms calculations and internal checks to help
prevent situations leading to infeasibility. The end-of-
network sink value is determined within the program by
subtracting attrition from rotations and gains into the
network. This should prevent occurrence of excess overall
supply or demand. If other infeasible conditions are
identified, program execution is stopped automatically prior
to initiation of the optimization process. However, not all
potentially infeasible situations are included in these
checks.

The inputs examined by GATES during the feasibility
checks include the rotations into the network (based on the
input data file, "ROTE.DAT ). the gains tc the major weapon
system ¢« from undergraduate flying training and First
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Q aAssignment Instructor Pilots), the number of manning
~
Q' requirements for each modeled time period. and the amcunt of
2 . . -
v attrition for each year. If requirements exceed
7" LY . - . .
) availability, program execution is stopped and an error
9
‘ -
! message is displayed on the terminal screen. These checks
>
! account for a large number of potentially infeasible
l"
)
() . . Z L. .
f' situations. However, the method of attrition modeling
.
ﬁ? employed in GATES is not completely incorporated into the
2 .
N checks.
.
.x Because attrition is calculated separately for each
3
¥ node, the solution flows (and, therefore, the available flow
o at each node) are not known prior to model run time. Thus,
k|
;) the feasibility checks can not prevent all possible
N
Qf infeasible situations. In these cases, GATES proceeds to
[4
}; call NETSID and the solution contains artificial flow
L '
!j variables {(indicating infeasibility). When an infeasible
0 ,
ey solution results, information on the artificial variables
e (flows) is output to file "ROTEPLAN.OUT". If deemed
()
%
:3 necessary., adjustments can be made to the attrition values
s,
o . . . .
® in an attempt to achieve a feasible solution. The means
:j provided in GATES for attrition adjustment is a parameter
]
" {named "CHANGE") which can be used to increase or decreass
" . . . - .
the attrition demanded at any particular node. Somet imes
o only slight adjustments are required to achieve rfeasibility.
g
:“ Other situations require numerous model runs with attrition
) ad justments between each run. By using scme care in
p
o
:,: w1
o'
[

R R Tt P W ?uq‘..:r\-A-..v ST CTCR
“‘..I‘ \l d n\..‘.’. ‘A' ‘:‘ l‘ O PV L P -"‘

s e Y Y
4 » > \
l&. o't’s‘i‘“l +* ‘!’ ) R !(:‘ "l."‘;‘ ..C :."ll.

Rl IR 'a"




- .
-
Sl AN MPINS T . PR A

) e A . e e e
'Iv--ll

RO P 2

l-‘l .'IS“ - ‘.

- W e -

-
-

"
o
B
ﬂl

b A Ao AL o el

- TP E E EN EN N T TN Ty "‘"“t.‘\d'rwu'\l-w-y'w-u"'\!-u-vnrw“"'w—l"m'j

redistributing attrition, excessive aistorticn can be
avoided.

Sensitivity. A solution’'s sensitivity to model input
parameters is another important consideration in
interpreting the output of an optimization model.
Especially when the real world values of some parameters are
unknown, it is worthwhile to make several model runs while
varying the input parameters. When some parameters are
varied, they produce large changes in the model ocutputs.
The sensitivity of the model outputs to changdes in a
parameter’'s value indicates the degree of importance that
should be placed on further investigation of the correct

value of the parameter to input to the model.

Solution Analysis

In this study, the GATES model was run with several
combinations of input parameters in an attempt to establish
some of the key factors affecting the model results. During
these model runs, some factors were found to greatly
influencs the solution. In fact, altering some input
parameters immediately resulted in an infeasible solution.
The input parameters considered in the sensitivity analysis

of the GATES model were the following:

1. Duty assignment tour lengths:

2. Costs of not attaining flying gates.
3. Experience level requirements;

4. Manning requirements;
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i
’?b &. Attrition;
-E’!, 8. The initial input data.
’:* Listings of the key inputs and outputs from the sensitivity
::i runs are in Appendix I.
;“ Duty Durations. The average tour of duty must be input
\ to GATES for the four modeled duty types (flying, rated
N
*ﬁ staff/supplement, AFIT, and FME/ASTRA). The minimum time
"
;j increment modeled in GATES is one year. Therefore, the
3 estimated tour lengths must be rounded off to whole-number
o .
2 multiples of one year.
k: Because of the large manning requirements for flying
: and staff- supplement duties, errors in modeling these tour
j;; lengths can have potentially great effect on the model
;? solution. Initially, the GATES model was developed using
'
3% tour lengths of three years for both of these duty types.
;é As discussed in Chapter 3, the estimated average tour length
f? is between three and four years for both of these duties.
S; For this reason, some model runs were performed with tour
E:ﬁ lengths set at four years for both duties.
:‘ Direct comparison of model outputs resulting from
2; three-year tour lengths (for flying and staff/supplement
: duties) with outputs resulting from four-year tour lengths
"; is difficult. This is because it was necessary to adjust
ff attrition in order to achieve feasibility. and the
;2 ad justments required by the two situations were different.
; In fact, feasibility was not achieved for the four-year
1:
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1 case. {The output was accepted as "close enough” when the
i

([ . - .

@ artificial flow was reduced from 193 units to 10 units.)

v

", The inputs for runs Al and Bl (see Appendix I) were

identical except for flying and staff/supplement tour
& lengths (three years for run Al and four years for run Bl).
: Since tour lengths affect the years in which individuals are

rotated into the network model, the distribution of these

% rotations across the model time horizon varies between the

: twa runs. Table 1 contains the appropriate information.

L,

;: The flow of individuals intoc the network appears to be
;ﬂ much smoother for the four-year case. For the three-year

j: case, the number of individuals rotating into the model in
F year one is about twice the value for years two and three.

(%" .

£ This uneven input distribution is reflected in the number of
E' assignments that are made in each of the model years. For

b the three-year case, many more assignments are made in years
\2 one and four than in the other years. Even in the four-year
-: case there are about 20 percent more rotations input at year
5  one and this results in more assignments made in years one

!

i and five than in the other three years. A relatively even
:S distribution of assignment decisions over time 1is

0]

if representative of the real world assignment process. Based
': on these results, i1t appears that four years (versus three
i* yvears: may be a more realistic approximation of the average

tour length for flying and staff duties.
Longer modeled tour lengths pose problems for the GATES

w lel because of the means used for modeling attrition.
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Model run: Al Bl
Tour lengths (years)
Flying duties: 3 4
Staff duties: 3 4
Rotations into Network
Year 1: 1795 999
Year 2: 831 7986
Year 3: 783 331
Year 4: 0 783
Year 5: 0 0
Total Assignments Made
Year 1: 1797 1031 ‘
Year 2: 1062 958
! Year 3: 930 863
} Year 4: 1570 894
] Year 5: 1146 980

Table 1. Tour Length vs. Rotation/Assignment Distribution

Because of the model’s structure, individuals can leave the
network only upon arrival at a node representing completion
of a tour-of-duty. Long tour lengths theréfore "protect”
individuals from attrition throughout the duty tour lendth.
This may ndt be a problem when individuals are evenly
distributed among ASD year groups, gate credit time, and
duty types. However, these distributions are not generally
uniform. Especially in the early years of an ASD year
group’s aviation service, individgals in the year group tend
to rotate together as a large block. This causes problems

when attrition demands are evenly distributed across model

years. As a result, long tour lengths require more
o ad justments to attrition in order to achieve a feasible
‘ﬁ
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solution. The data for model runs A2 and BZ (Appendix I}

shows that fewer adjustments were required for the three-

v
. year case than for the four-year case.
b,
? Since gate completion is the goal of the GATES model,
3 comparisons of model runs should examine the numbzr of
. assignments (flows) leading to missed flying gates. Table 2
shows the relevant data. The rotation flows that are input
y
:
Model run: Al A2 Bi B2
N - - ——_ _—
: Feasible Solution? NO YES NO NO
(]
Tour lengths (years)
5 Flying duties: 3 3 4 4
¢ Staff duties: 3 3 4 4
f Inputs That Already
‘ Missed Gates
‘ 2nd Gate: 153 153 105 105
: 3rd Gate: 107 107 169 169
) Assignments Resulting
K In Missed Gates
§ 2nd Gate: 0 143 0 49 !
; 3rd Gate: 107 363 189 392 |
k] : ;
i Table 2. Tour Length vs. Gates Missed
]
E to the network are entered at nodes based cn projected ASD
R and gate status at the time of network entry. These
! projections are based on the modeled duty duration. This is

)
)
Q why the number of missed gates input to the model is
1
)

different for the two tour length situations.
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For all four model runs shown in Table 2, the total
number of optimal solution assignments leading to missed
gates 1is greater than the number of missed gates initially
input to the network. However, nearly all of the missed-
gate assignments are for ASD year group 18 (or higher). The
modeled duty duration for ASD year group 18+ is always one
vear (to allow sufficient flow to all ASD 18 nodes to meet
the high retirement-induced attrition demands of these
nodes). If ASD 18 assignments were for a full three or four
years, depending on the case, many of these assignments
would result in gate completion. Instead, GATES continues
to reassign these individuals annually. As can be seen from
the data listed in Appendix I, the number of missed gates
tapers off in the later years of the model time horizon. In
light of this, the GATES model solution generally results in
fewer missed flying gates than are present in the input
data.

It appears that GATES provides an assignment policy
that leads to gate compliance that is more optimistic than
the real world situation. The GATES solution reflects the
best level of gate attainment that is possible, subject to
the input parameters, the modeled constraints, and the
relative costing of the various gate goals. If the
parameters and constraints reflect the real world situation,
then the GATES solution provides insight into potential

problems with gate compliance and indicates an assignment

policy that will minimize the degree of gate non-attainment.
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Gate Failure Costs. An analysis of the effects of

-
-

costs assigned to gate non-attainment is not hindered by the

T e e

infeasibility problems caused by attrition. Once a feasible
solution is achieved for a particular set of tour lengths
{and other input parameters), altering the arc costs does
not result in subsequent infeasibility. Model runs A2
through A9 demonstrate the effects of different gate costs.
K Table 3 contains the key inputs and outputs for these runs.
More complete data is in Appendix I.
N Varying gate costs have an indeterminate effect on the
f: number of iterations required by NETSID to achieve the
} optimal solution. No particular relationship between gate
. costs and iterations is 6bvious.

Varying gate costs do have an obvious effect on the
X optimal objective function value: changing the costs
associated with arc flows contained in the optimal solution
' set results in predictable changes in the total objective

function value. For the inputs provided to GATES in model

runs AZ through A9, the optimal solution consisted of some

assignments resulting in failure to complete the second or

A X

third gates. Thus, changing the costs associated with the
second and third gates resulted in changes in the objective
function value.

> Varying the cost of failing to meet the first gate.
relative to the cother gates, had noc effect on the solution
P assignments resulting in missed gates. Also, reducing to

ero the cost of assigning ASD year groups bDelow six
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649
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GATES Model Results
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Gate Costs vs.
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e
s ‘gate ¢ in Table 3} to nonflying Jduties resulted in no
L
&: change in the assignment solution.  Roth orf these resulns

o could be attributed to the model structure. The network is
;?l structured to allow ASD year groups six and below to be

3$ assigned only to flying duties. Thus, completion of the

&* first gate is "guarantsed’ by the model. The "gate 0" cost
¥

:§ was introduced in =arly development of GATES to prevent end-
3 3

&‘ of-network flows to nonflying duties for these young ASD

3% year groups. Subsequent structural changes to the model

# have eliminated this need.

PQ The only important change that occurred with varying

’: gate costs resulted when costs for gates two and three were
.E set equal (model runs A8 and A7). Even then, the change was
;; relatively minor: one individual was assigned to a .
h* nonflying duty that resulted in failure to meet the second
%2 gate. When the cost for gate two failure was higher than

o

-

the cost for gate three failure (e.g., run AZ), this same

O

individual was assigned tc a flying duty resulting in

K

l'

% meeting the second gate (but failing to meet the third
')

& gate)

o

’ The insensitivity of the GATES soclution to changes in

U

. gate costs indicates that the assignments resulting in
0
-' missed gates were due to the status of individuals at
b2 initial input to the network. In other words, several
< individuals entered the network at nodes indicating that
Q"

"- . .

3 they had already missed flying gates. Subsequently. the
h . . .. . .
5& model generally assigned these individuals to flying duties
e
N S0
4‘::

A
®
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until they accrued sufticient flying time to represent gate

-
f attainment.
’
:; Experience Reguirements. The GATES model provides a
i: means for specifying officer experience mixes, based on ASD |
:f vear group. for any of the duty types. The intent of this 3
: provision is to allow for a means of preventing soclutions
. |
& that represent unrealistic assignment policies. Based upon
'
f. a recommendation provided by the AFMPC Analysis Division, an
‘J experience level requirement was specified for flying duties
PE (351}, The requirement applied stipulates that a minimum of
’ 50 percent of the flying duty positions must be filled by
% rersonnel possessing an ASD value of six or higher (as of
é; the end of the tour of duty).
;: Model runs AZ and Al10 contained the same inputs except
E: that run Al0 did not include the experience requirement.
i Comparison of the outputs from these two runs indicates very
i& little change in the distribution of ASD year groups amcong
; duty assignments. This lack of effect due to the experience
? level requirement may be largely due to structural
:; zonstraints that require all individuals to perform flying
,Q duties until the six-year point (thus preventing assignment
,
'i of these individuals to nonflying duties). Additicnally,
~§ this experience level constraint seems to impose no real
.§ hardship on the model. Regardless, the experience level
;: constraints should be a useful feature for insuring the
h proper makeup of various duty types.
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Manning Requirements. The manning requirements input

ro GATES came directly from the Rated Management Document
{9y. No sensitivity analysis was performed on the baseline
manning requirements. However, the sensitivity of the model
to overmanning and undermanninhg tolerance specifications was
examined.

FATES performs internal checks to determine whether
surficient individuals are available to meet overall manning
requirements specified in the parameters section of the
program. If insufficient (or excess) personnel are
available, execution is aborted and the NETSID optimization
routine is not called since the result would be an
infeasible solution.

Model runs All through Al4 involved testing the impacts
of manning tolerances. Model run A2 specified 10 percent
undermanning and overmanning tolerance for flying and
staff/supplement duties. For run All, a five percent
undermanning tolerance for flying duties was specified for
all five model years. However, this resulted in failure of
the "sanity’ checks due to insufficient personnel in year
five. For run Al3, a similar result occurred when a five
percent undermanning tolerance was specified for
staff/supplement duties. Runs Al2 and Al4, respectively,
resolved these problems by retaining a 10 percent tolerance
for model year five. Table 4 provides a comparison of runs

AZ, Al2, and Ald4.
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; Model run: A2 Al2 Al4
f. Overmanning Tolerance
. Flying duties: 10% 10% 10%
Staff duties: 10% 10% 10%
K Undermanning Tolerance
v Flying duties: 10% * 5% 10%
Y Staff duties: 10% 10% * 5%
:' (+ = 10% for Year 5)
L)
0 Total Assignments
N \For Years 1 thru 5
4 ! To Flying duties: 4311 4487 4331
' To Staff duties: 2199 2011 2163
¢
a3 Assignment Averaged
i, 'Over Years 1 thru 5
M $ To Flying duties: 862 893 866
.l | To Staff duties: 440 402 433
3 t
y Table 4. Manning Tolerance vs. Assignment Distribution

As can be seen from Table 4, the reduced undermanning

>

;E tolerance for flying duties resulted in more assignments to
L; flying duties for model run Al2. A similar effect did not
:t coccur with nonflying duties for model run Al4, however.

N This result indicates that the original solution obtained in
% model run AZ tends to fill a greater percentage of nonflying
‘3 duties than flying duties. This may indicate existence of
E’ alternate optimal solutions, since there are apparently more
< flying positions available than are being occupied. These
§ results do, in general, show that the tolerances specified

'

; can affect the solution.
} Attrition. The importance of attrition to the results
;: of the GATES model is discussed in the section on tour
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lengths. Attrition also impacts the degree to which future
manning regquirements can be achieved. For example, the
diszcussion of manning tolerances indicates that model year

five requirsd a greater undermanning tolerance than the

sther years. This appears to reflect the long term ilmpact

a

ctf attrition. The sensitivity of GATES to attrition rates
was not directly tested. However, surricient evidence has
been presented to show that attrition is a very important
factor in detsrmining the final results.

Initial State of the System. The initial state of the

system, which is determined by th+ input data, seems to have
considerable effect on the model results. No actual
sensitivity analysis was conductesd (by using a different set
of input datal. However, examining the optimal solution
results indicates that the initial system state may have
rrevented a zero-cost solution. The fact that all
variations in input parameters that wsre performed resulted
in largely the same number of gate failures indicates that
these faillures probably resulted from the initial state of
the system. It is also worth notine that assignments
leading to missed gates taper oftf in the later years of the
modeled time horizon, indicating that the solution
assignment flows provided by th= SATED model result in

improved gate compliance over time.
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Fractical Implications.

S ST

| In general, the= results of the sensitivity analysis

performed on the GATES mcocdel indicate that the model has
great potential utility in rated officer gate management.
' The model appears to be sensitive to those factors that seem

most impourtant in affecting officer rotations and gate

d compliance. Namely., the model is sensitive to tour lengths,
[)

Yl attrition., and the 1nitial state of the system.

‘ . L. .

L ddditionally, overly restrictive manning tolerances are

* reflected in the GATES output file, "SANITY.OUT" (Appendix
. E) and result in aborted execution of the routine. Though
the overall experience level specified for flying duties in

this study seemed to have little effect on the model

d

f solution, the capability of specifying experience levels

ﬁ provides another means of achieving a degree of realism.

n

ﬁ The impact of attrition-—-and the method for modeling

a attrition employed by GATES--seems to be the biggest

ﬂ obstacle to using the model efficiently. To avoid excessive
f distortion, care must be taken in performing any

i redistribution of attrition nec.ssitated by an infeasible
- solution.

% The next chapter contains suggestions for improvements
: to GATES that address the attrition modeling problem, as

3 well as other model shortcomings.

F

. v

[ARL.M2 ' ' h [ . DASONOND by t % WIS ’ 1Y AL ROUAOIDRILOONONON
! ‘(uv,‘.}o.i.o_,.,e',.",":,;Mq}‘.ﬂ‘xfﬂo‘ |~0‘{‘0’!,a.‘_~l.5‘!"_._i“l“,l".'f,rgi1 A l',.c",Cé.,A’,!t'“\“;.l_gﬁ?:'6:T‘C‘..i\.."a,:.:,“t,ﬁﬁ‘!"\'!‘ LA t“t‘.'r,‘gn "_*,,".v"u‘mft,s




*

1

,

h s

»

!

L v Ubservations and Recommendations
L4

» This chapter discusses some of the general observations
&

K, . . . . . )

K, resulting from this study. Topics discussed include the

R)

¥

\ adaptability of the GATES model., shortcomings and

g'

: limitations of the model. and recommendations for further
K

f study.

N

r

A

4 Adaptability of the Maodel

0

': The adaptation and application of the GATES model to
[/

¥

3 rated officer gate managdement will partially depend upon the
4

\ degree to which model ocutputs agree with the real world

K

.

X rated officer assignment system. As presently formulated,
o

i GATES provides the means for specifying various parameters
f that can be used to increase the realism of the GATES

1

(] . C .

4 solution. Through specification of these parameters., GATES
)

\ N . . pa

* should be capable of representing different weapon system
X, groups and aercnautical ratings. Manning tolerances and

|

; constraints can be employed to model real world assignment
'

" constraints.

» . . —~ .

: The solution provided by GATES theoretically represents
‘ 1]

) .. . . C . .

! the optimal assignment policy for minimizing flying gate

¥

d

i noncompliance. The accuracy of the solution, of course.

P,

? depends upon the accuracy of the input parameters. The

()

L

b potential existence of muitiple optimal solutions provides
o

‘l
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some uncertainty in interpreting the results from GATES.
However, application of additional manning constraints
should tend to drive the solution towards a unigue optimum.

The outputs fi om GATES (see Appendices E and F) provide
information in various levels of detail. The year-
by-year optimal assignment policies provide detail which
probably exceeds the actual resolution of the medel (an
inherent characteristic of optimization methods). The
summary data provided at the end of file "ROTEFPLAN.OUT"
(Appendix F) aggregates the soclution and offers some insight
into the overall gate management situation.

Basically, the output shows what is the best degree of
gate achievement that can be expected (assuming the input
parameters are realistic) if an assignment policy similar to
that suggested by the output ‘s followed. In a sense, this
shows the critical bottlenecks in rated gate management.
What is lacking, however, is identification of the nearly-
critical bottlenecks. These can sometimes be discovered
through sensitivity analysis by varying the constraint rigl.*
hand sides (the manning requirements, manning toleran. e:.
and experience level requirements). Finding aiterr :-
optimal solutions would help identify the ASD. ga--
groups that bear watching by rated force manag-:
could be more readily accomplished if the gt

formulated as a general linear programn. .

techniques discussed by Steuer
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f?ﬁ Besides gate information, the GATES model can be used
to help identify problems with achieving desired manning
N levels. By inputting up-to-date attrition rates, GATES can

be used to show the potential effects of attrition on future

N manning capabilities. The output data provided in file

f%, "SANITY.OUT" (Appendix E) is potentially useful in this

i

ﬁgf regard.

fd Shortcomings and Limitations

é& The GATES network model offers the potential for

E% significantly increased insight into the rated gate

:  management problem. However, GATES has several

%& shortcomings. Resolution of some of these shortcomings

EE{E could improve the utility of the GATES model.

f‘ Level of Detail. One of the shortcomings of GATES

o -

ﬁs pertains to the level of detail that it provides. The use
ol

ﬁ? of a minimum time increment of one year serves to hide some
~

~2£ of the peaks and valleys in the assignment system, thereby
E%; partially defeating the initial impetus behind this research
§$ study.

." Early in the development of GATES, an attempt was made
ﬁg to employ a half-year time increment. At that time,

,ﬁg additional nodes and arcs with side constraints were used to
‘:; model attrition (as opposed to the current implementation

g% which uses nodal external flows to model attrition). The ;
%é first computer run attempted with this higher resoclution

&
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model was aborted after approximately six hours of real time
and three hours of CPU time had elapsed (the computer system
used was a Digital VAX 11/785). It was decided that a
change back to the one-year time increment was necessary (at
least temporarily) to permit rapid turn-around times for
model development. Subsequent changes in the GATES model
which have considerably reduced the number of nodes and arcs
may permit a return to the half-year time increment without
excessive run times. Use of a faster computer (such as the
VAX 8650) would permit increased resolution without
excessive run times. More efficient solution methods such
as Karmarkar’'s linear programming algorithm would also
permit increased resolution (15:75-90).

Attrition. The greafest shortcoming of GATES from a
potential user’s standpoint may be the difficulties that
arise from the method employed to model attrition. By
specifying the attrition demand for each node, the implicit
assumption made is that there will be sufficient supply to
each ncde to meet the attrition demand and to meet
downstream flow requirements. Shortfalls in supply result
in artificial variables in the solution set (infeasibility).

Early versions of GATES employed various means for
dealing with attrition. The first method used was to
artificially inflate manning requirements proportionate with
the cumulative attrition amount. This method provided no
means of differentiating between attrition rates for various

ASD year &roups.
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N Another method made use of attrition nodes and arcs. A

separate node was used to model attrition for each time

period and each ASD year group. A negative external flow

was assigned to the node to represent the total attrition

from the corresponding ASD year group for that time period.

Upper bounds and side constraints on the arcs leading to the

e attrition nodes were used in an effort to distribute

I attrition as realistically as possible. The resulting

i network model was larger in terms of the number of nodes and

o arcs, and attrition seemed to occur in iarge blocks, instead

of more uniformly for each particular ASD year group.

ey The current method for attrition modeling was chosen

QQ because of its structural simplicity and potential

flexibility. However, the problem that accompanies this

flexibility is the level of user involvement necessary. The

S greater potential for infeasible solutions also results in

) some difficulties with output interpretation.

& An improved method of adjusting attrition to deal with

ﬁ? infeasible problems would greatly improve the usability of
GATES. It may be possible to develop an algorithm that

o compares the infeasible assignment solution. the artificial

variables in the solution set, the nodal attrition demands.

Q. and the rotations into the network. This algorithm might

N then be able tou cpecify the redistribution of attrition that
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appears most likely to result in feasibility, without overly
distorting the results.

An alternative may be to employ a generalized network
model which permits gains on the arcs. Such a model would
permit assigning a multiplicative factor to each arc. This
factor could represent the cumulative continuation rate for
the ASD year group over the time duration represented by the
arc. If this approach is taken, a more computer intensive
solution technigue such as the revised simplex linear
programming method may be required (NETSID cannot handle
arcs with gains). If the resulting computer run times are
excessive, Karmarkar's algorithm may provide a viable
solution method (15:75-80).

Grouped Rotations. Examining the output from GATES
reveals that assignments tend to occur in large groups.
That is, an entire ASD/gate credit group tends to be
assigned to the same duty. This grouping seems to indicate
that there may be alternate optimal solutions. Further
investigation into the potential alternate optimality may
improve the utility of GATES. Additional side constraints
may also drive the solution to greater realism.

Duty Durations. The sensitivity analysis of the GATES
model demonstrated the impact of duty tour length on an
optimal assignment policy. The distribution, across model
vears, of rotations into the network and optimal solution
assignments provides some insight into the approximate

average duty duration.
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Further investigations into duty tour lengths may
provide the insight needed to determine the proper
parameters to use for GATES. Examination of the input data
and discussions with AFMPC suggest that there may even be
different average tour lengths for different ASD year groups
) (35). A means of modeling any such differences would be a
simple addition to GATES.

Because of the great interaction between duty tour
y lengths and attrition, a more effective means of dealing
N; with infeasibilities resulting from excessive attrition
" demand could improve the adaptability of GATES to different
duty durations. As an example of the impact of attrition on
tour length modeling, the tour lengths had to be set at one
year for the 18 year (plus) ASD group in order to supply
Y sufficient flow to all ASD 18 nodes to meet the attrition
N demands due to retirements. Such a "fix" seems
unrealistic--especially if applied to all ASD year groups.

N Measuring Gate Attainment. The GATES model uses a

i\ simplified means for measuring flying gate achievement.
Though AFR 36-20 specifies compliance with the second and

g third gates by the 18th year of aviation service, GATES
provides no means of differentiating between the 18 year ASD
group and groups that have passed the 18 year point (8:12).
Because these groups are not separated, anyone who

accomplishes nine (second gate) or eleven (third gate! years

H ‘ -~ v’:
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of flying is considered to have achieved the corresponding
gate. Thus, GATES provides an avenue for subsequent gate
compliance even after a gate has been missed. Though this
does reflect a real world possibility, actual assignment
considerations may prevent rotation of individuals in these
older ASD year groups to flying duties.

The method for specifying gates is sufficiently
flexible to allow adjustments or additions to the gate
requirements. For example, specifying that the second and
third gates must be achieved by 17 years of aviation service
may be one means of arriving at a more realistic solution.
Also, incremental degrees of gate achievement could be
specified--such as requiring completion of 10 years of
flying by 15 years of a&iation service (that is, assigning a
cost to arcs resulting in failures to meet this goal).

Still, future efforts at continuing the work undertaken in
this study might benefit from separating out some of the ASD
groups currently grouped with ASD 18.

Information Format. The utility of the format of the

information output by GATES is yet to be dete @ The
detailed assignment solution provided in "ROTEFLAN.QUT" may
be excessively detailed considering the resolution of the
GATES model (see Appendix F). The summary tables provide a
general picture of the optimal solution, but do not detail
the particular ASD year groups that require close

management. Perhaps an ocutput which presents a compromise
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between these two extremes would be more useful and more
representative of the capabilities of the GATES model.

Input Data Collection. Presently, GATES requires
assembly of the input rotation data prior to model run time.
This increases the user involvement required to run GATES
and could result in considerable time expenditure--
especially if GATES is to be run for all Air Force major
weapon system groups and aeronautical ratings. An improved
interface between GATES and the AFMPC database would

probably increase the utility of the GATES model.

Recommendations

The shortcomings inherent in the present formulation of
the GATES model suggest several model improvements. This
section discusses these suggestions for further study.

Refinement. Though the verification and validation
process accomplished in this study indicates that the GATES
model is basically sound, there are some refinements to the
model that may improve its.application to rated gate
management. These suggested refinements address many of the
shortcomings of GATES identified above.

Increasing the level of detail of GATES by reducing the
minimum time increment to a half-year period could provide
improved realism in modeling average tour lengths.

Additionally, a means for specifying different tour lengths

for different ASD year groups may be beneficial.




Further investigation into real world assignment
constraints may indicate the need for application of
additional side constraints to the network model. Such side
constraints may also reduce the tendency of grouped
rotations in the optimal solution.

Identifying the means for determining the nature of
alternate optimal or nearly optimal solutions to GATES could
help identify the real gate management bottlenecks. Along
similar lines, an output format that helps identify these
"eritical” ASD year groups may be beneficial to rated force
managers.

A final recommendation for model refinement would be to
extend the model time horizon beyond the current five year
limit. Though the Rated Management Document provides
detailed manning information for only the next five years,
the numbers applicable to the fifth year could be extended
out to the seven or eight year point (9). An extended time
horizon may improve the realism of the optimal solution
provided for the later years of the current five year
horizon.

Revisions. Besides the model refinements identified
above, some major revisions to the current GATES model may
be appropriate. One suggested revision relates to the
problems with attrition modeling. Another revision relates
to the user interface.

The problems with the method currently used to model
attrition have been discussed at length. There are at least
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two ways of dealing with this problem that could be
examined. The first of these methods would involve an
adaptation of the current attrition modeling methcd, but
would provide a means of distributing attrition demands
among the various nodes so as to minimize the chances of
infeasibility. Much of the data that could be used to this
end, such as rotation input data and nodal attrition
demands, is already provided in the output file "SANITY.OUT"
{Appendix E}.

The second means of dealing with attrition would
require application of a generalized network model with side
constraints. This generalized network model would permit
assigment of multiplicative factors (with values between
zero and one) to the arcs. The factors would reflect the
cumulative continuation rates for each ASD year group and
should provide a more realistic distribution of attrition.

The final recommendation for model revision relates to
the user interface. The current requirements to collect the
input data prior to model run time and to enter input
rarameters individually into the GATES code require large
expenditures of time. An improved interface, such as a
spreadsheet program might provide, could increase the
utility of GATES by simplifying its use. A decision support
system approach such as that discussed by Sprague and

Carlson may be appropriate (29). Development of a full
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e decision support system based on GATES could result in a

{u system usable directly by the AFMPC assignment officers.

by Conclusion

o The GATES rated officer management model, as currently
S implemented, offers a means for improved management of rated
Y officers. Future studies aimed at addressing the

e shortcomings of GATES should provide additional benefits to

personnel management, perhaps extending well beyond the

9 narrow scope of this study.
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e Appendix A: GATES User’s Guide

i

gi This guide contains basic instructions on running the
E%A computer programs that implement the GATES rated gate

”: management model. This guide includes materials from the
“

33- NETSID User’s Guide by Kennington and Whisman that are

WY

ﬁ% specifically applicable to the GATES Model. For more

;o detailed information on general use of the NETSID program,
ﬁg the user should refer to‘that document (Kennington &

ﬁﬁ Whisman, 1987).

.;.

2& Computer System

$% The initial implementation of the GATES model was

vﬁﬁ developed on a Digital Equipment Corporation VAX 11/785

kﬁ computer running the VMS Version 4.5 operating system, and
§£ on a VYAX 83650 running VMS Version 4.6. Although an attempt
S? was made to apply standard Fortan 77 computer cocde, some
'%: modifications to the code may be necessary prior to running
%ﬁ on other systems. The version of the NETSID network

K

'ﬁ: optimization routine provided by Dr. Kennington (apparently
iﬁ developed to operate on an IBM mainframe computer) was

ﬁ% modified slightly as detailed below.

_ Computer Files

{p

kﬁ Descriptions of the program, data, and output files
gg associated with the GATES model are provided in this

|

;?. section.

b‘p\-
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;&L Program files. The program files, all written in

o Fortran 77, are as follows:

‘i 1. NETSID.for. This is the network optimization
3‘ routine. For a more complete description, refer to the

WS¢ NETSID User’s Guide. As used in this model, it produces two
:; output files, "for007.dat” and "for00S.dat."

‘«‘.'

) 2. Gates.for. This is the main control program
yu used to implement the model. This program accomplishes the
{@ following tasks:

'v"

L%

ﬁz a. It provides a means for input of modeling
o parameters.

K b. It reads the rotation data file,

! "rote.dat” (which must be build from the AFMPC data base
ﬂ{ before running the model).
My

()
ﬁﬁ c. It performs the computations necessary to
@ describe the basic network structure of the model.

o
K)

KLY, d. It prints information to the terminal
,5@ screen and to an output file named "sanity.out” as a means
ﬁhr of monitoring the performance of the model.

Ll
- e. It builds the data files ("for0OOl.dat"
%& through "for004.dat") required as input by NETSID.
;% f. It calls the NETSID optimization routine.
.D' ()
o g. It calls subroutine "netout”. This

3 subroutine reads the NETSID raw output file ("forQ08.dat")
o and converts it to information in the form of an “optimal”
~$ rotation policy (file "roteplan.out”). (The "netout”
bf subroutine is included in the "gates.for” file.}
¥

Input data file. A single input data file is required
by the model. The "gates.for" program expects the data file
to be named "rote.dat.” The required Fortran format for

each data line is (A4,2(14),13,8(I4)). The fields contain

;%z data as described here.

n".

0,0

:ﬁ' 1. Current duty assignment (format A4).
DA

"‘

a. "OPS" = flying duties, including advanced
X student duties and flying staff positions.

DY

l""

Ve
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?“, b. "SUP" = rated supplement and nonflying
?ﬁ rated staff duties.

ey
o c. "AFIT" = Air Force Institute of

‘#: Technology full-time graduate degree programs.

P

ﬂS d. “PME" = resident professional military
A education (intermediate and senior service schools) and

ﬁ% ASTRA (Air Staff Training) program.

( .

" 2. Aviation service date (ASD) year group (format
M’ I4), in tenths of years, as of the start time of the model
ﬁs time horizon. Note that no decimal point should be used.

o Dividing the data file value by 10 will provide the number
‘9 of years since ASD. Half-year increments provide more than
R sufficent detail for the model as currently implemented. As
K an example, a value of "105" would be used to represent 10-
G 1/2 (10.5) years.

L) l)
J:f 3. Flying gate credit accumulated (format I4), in
Bn tenths of years, as of the start time of the model time

o horizon. Again, no decimal point is used and half-year
e increments provide more than sufficient detail.

e

L} 4. The remaining nine fields (format I3,8(I4))

a contain integer values representing the number of
individuals (with characteristics described by the first
three fields) that arrived at their current duty station

. -

gv within specific time periods. The first of these fields
ﬁh represents the number of individuals who arrived over 4
A years prior to the start time of the model. The next column
ﬁ% represents the number that arrived 3-1/2 to 4 years prior to
. model start time. Successive columns represent successively
i) more recent half-year increments. The last field represents

the number of individuals who arrived on station within the

3
A . ;
"2 6-month period immediately preceding the model start time.
Y
\
.3' Qutput files. The main program ('gates.for") and
X
A’ subroutines ( "NETSID. for" and "netout"”) produce several
4 ‘y.:
‘;« output files.
e
O 1. Sanity.out. This file is produced by the main
A program and is largely a regurgitation of the input data and
®. calculations. The output format is designed to help verify
K.+ input data and model performance.
\ :—,
R 2. Nodearc.out. This file is a listing of
e network arcs and associated beginning and ending nodes,
:h along with the identifying characteristics of the nodes
O (time period, duty type, ASD year group, and flying gate
gt
e .
o 100
)
g ‘

¥ ‘
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credit accumulation). Its purpose is to aid in
troubleshooting model and program malfunctions.

3. For001l.dat. This data file is output by the
main program and is subsequently read by NETSID. It
contains a list of node numbers with associated requirements
{external flows). Nodes with a requirement of 0 may be
omitted.

4. For002.dat. This data file is output by the
main program and is subsequently read by NETSID. It
contains a list of arc numbers, arc from-nodes, arc to-

nodes, arc bounds, and arc costs. The rows must be ordered
by arc number. An arc bound of -1.0 indicates no upper
bound. {NETSID always assumes a lower bound of 0.)

5. For003.dat. This data file is output by the
main program and is subsequently read by NETSID. It
contains a list of side constraint numbers (identifying
numbers), associated arc numbers, and a multiplier (usually
1.0y. The rows must be ordered by arc number.

6. For0O04.dat. This data file is output by the
main program and is subsequently read by NETSID. It
contains a list of side constraint identifying numbers, the
associated right-hand-side value, and an alpha identifier
for the type of constraint (L for less-than-or-equal-to, E
for equal-to, or G for greater-than-or-equal-to). The rows
can be in any order.

7. For007.dat. This is the NETSID output file.
It contains information about the network optimization
procedure, the "optimal" obgjective function value, the
number of iterations required to solve the problem, and a
list of arc flows associated with the "optimal"” solution.

8. For008.dat. This data file is ocutput by
NETSID and is subsequently read by subroutine "Netout."” It
contains only the arc flow information that is contained in
"forQ07.dat. "

9. Roteplan.ocut. This file contains the
"optimal” assignment policy. as determined by the model. It
is essentially a conversion of the arc flow values
{contained in "for008.dat") into more meaningful
information.

Using the Model

Using the GATES model involves four basic steps
described below.
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W« Building the input file. The input data file,

A “rote.dat,” consists of the information described above. A
fbc separate program to search the AFMPC data base and ocutput
b

\ .
ﬁi the required values was developed by AFMPC personnel to

My

)

ﬁﬁ collect the data used in the initial implementation of the
)

&“ GATES model.

%ﬁ Parameter changes. An effort has been made to make the
e,

,'.'
;ﬁ GATES model sufficiently flexible to handle most USAF major
xﬁ weapon system groups and aeronautical rating categories.

Wy,

L/

By The main program, "gates.for,'" provides the means for

[ ..-h

"

O ad justing parameters such as manning requirements, average
@

?S duty durations, and attrition rates. All such parameters

5
1&& are assigned in the second main section of the program

L) .
?5 (following the variable declarations and descriptions in

iﬁ; section one). To change a parameter, one need only to edit
il

Hy . . . .

&s the appropriate [line(s) of the program file. Internal

t’.“

‘3‘ rrogram documentation should be sufficient to direct a
‘“% personnel analyst to the appropriate line(s).

k)

§

)

§ Funning the model. Once the input data file has been
f.‘\
i' V)

‘:’ built and the model parameters have been adjusted, the
%ﬁ actual running of the model is relatively simple. Begin by
¥ »

! A
15 compiling "gates.for” (as well as "NETSID.for" if it has not
.i N
4 . . ) . . .

‘g previously been compiled). Then link these files. Finally,
-

fq run the program. The VAX VMS commands for these steps are
:0". .
$§ as follows:
iﬁ
& fortran/list gates
W . ;
'xb link gates, netsid
!
"‘I’ 102
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run gates
Using these commands results in the program running
interactively. When run interactively, "gates.for"” (and
NETSID) will provide some informational output to the
terminal screen. Alternatively, the program can be run in
batch by using a batch command file. During pericds of
heavy computer usage, the batch method may be preferable.
Interactive run times for the initial implementation ranged
from 10 minutes to over an hour, depending on the current
level of computer system usage.

Qutput interpretation. Interpretation of the output
from the GATES model must take into consideration the nature
of a network optimization methodology. The "solution”
provided is the "optimal" (least-cost) way of meeting the
requirements (node demands) and side constraints. The cost
of the cbjective function is the sum of all solution flows
that are along arcs assigned a cost. The arcs assigned
costs are those that lead to missed flying gates. The
particular costs for each gate are specified in the input
parameter section of the GATES code.

Multiple optimal solutions are likely to exist--
especially when the optimal solution is achieved at zero
cost. In some cases, multiple runs which impose
successively more goals (potential contributors to the
objective function) or side constraints (such as experience

level requirements) may be required to determine the range
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of actions that could result in achievement of the initial

goals.

Modifications to NETSID
A few modifications were made to the original version
of NETSID provided by Dr. Kennington. They are listed here.

The version provided to AFMPC/DPMYAF incorporates these

changes.

1. NETSID was identified as a subroutine (instead
of defaulting to a main program). The "return” command was
also added.

2. Variable "QTEST" was set equal to O to turn
off some print statements.

3. Two calls to "ERRSET" were commented-out
{apparently IBM-specific and not recognized by VAX 11/7853}.

4. In subroutine "NSINPT," two print statements
{to unit 7, i.e. file "for007.dat"”) were made conditional on

aTEST not being equal to zero. This eliminated several
lines of extraneous output to file 7.

5. In subroutine "REPORT," three write statements
to unit 8 ("for008.dat”)--which mirrored write statements to
unit 7--were added to send raw arc flow data to
"for008.dat. "

6. All dimensions (parameters) were adjusted to
the size of the Rated Gate Model.

A Note on Formats. During initial development of the
GATES model, some apparent inconsistencies in data file
formatting were observed. Provided here is a comparison of
the NETSID format requirements as stated in the NETSID
User’s Guide and the corresponding read and write formats
that were found to actually work. No changes were made to
the format specifications contained in the NETSID routine.

1. For00l.dat
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User’'s guide:
NETSID (read):
Gates (write):

2. For002.dat
User’s guide:
NETSID (read):
Gates (write):

3. For003.dat
User’'s guide:
NETSID (read):
Gates (write):

4. For004.dat
User’s guide:
NETSID (read):
Gates (write):

5. For008.dat
User’s guide:
Netout (read):
NETSID (write):

(I6,F10.2)
(I6,F10.2, A1)
(* ’,15,F10.2)

(316,2F10.2)
(I6,316,2F10.0, 4x%, A10)

(* *,15,216,2F10.2)
(216,F10.0)
(216,F10.0)

(* ’,15,186,F10.0)

(I6,F10.2,Al1)
(1I6,F10.2, A1)
(' ’,15,F10.2,A1)

n/a
(5x%,16,3(1I8),2(E19.9))
(5x,16,3(2%,16),2(2x,E17.9))

The only real conflicts between write and read formats

appear to occur in the first field in data files 1 through

4. In all four cases, an "I6"

corresponding "I5" in

"gates. "

in NETSID required a

Without this adjustment, the

incorrect columns for each field were read in by NETSID.

Reference

Kennington, Jeffery L.,

User’s Guide.

TX, June 1987.

GO S 30
‘.l‘.l‘ct"l.."nf':ﬁ':‘ Wbt

Technical Report 856-OR-01.
Operations Research, Southern Methodist University,

and Whisman, Alan. NETSID
Department of

Dallas




Appendix B: GATES Program Listing

,;‘:, 2 XX SRR EEEE SRS RS2SRSS SRR RSS2SR RSS2SR
RRY c MARK S. OLSON, AFIT thesis, DEC 87
4‘:: (R 22 ESREZE SRS RS RR SRS REE SRR SRS RS SRS 2SR 2222 RS RRESE)
C
}ﬂ ¢ Main program to do the following:
“y c
3} c 1. create NETSID data files for the {lying gate management
N c problem,
r:' (o4
o ¢ 2. call NETSID network optimization routine, and
c
ﬁs c 3. «call NETOUT subroutine to convert NETSID output data
;& c to useable information.
u" c
ﬁé c The NETOUT subroutine is appended to the end of the GATES
’ ¢ program. The NETSID optimization routine is in a separate
. c file.
-
W N
:?‘t c NOTES:
% c | .
i c (1) This program was developed around the Strategic
c Airlift major weapon system group and the PILOT aeronautical
W ¢ rating category. During development, the goal was to build
ts‘ ¢ sufficient flexibility into the program to allow it to be
h‘ ¢ adapted to other major weapon system groups and aeronautical
S' ¢ ratings with modification of only the input parameters
" c (variables) in Section Il. If that goal was not met, the
) ¢ 1internal documentation will hopefully be sufficient to allow
u; ¢ an understanding of the program logic so that modifications
) ¢ can be made.
i": (o4
g% c {2) Section 1I of this program contains specifications for all
:ﬁ c¢ input parameters. To modify a parameter, edit the appropriate
® c variable assignment statement in section II, then recompile this
e c program.
‘l’; c
S: c (3) Rotation input data for GATES should be in a file named
‘$L c ROTE.DAT.
W+ c
@ c (4) To run GATES, it must be compiled and then linked with a
x: c compiled version of the NETSID subroutine.
oy c
55 c (5) GATES produces 7 output files: SANITY.OUT, NODEARC.OUT,
Sﬁ c FOROO!.DAT, FOR00O2.DAT, FORO03.DAT, FOROO4.DAT, and ROTEPLAN.OUT
L ¢ (actually, ROTEPLAN.OUT is produced by the NETOUT subroutine).
i ¢ Additionally, the NETSID optimization routine produces two files:
S: ¢ FOROO7.DAT AND FOROOB.DAT.
!
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(o

(6) Attrition 18 assumed to occur only at the time of expected
rotation. The number of people attrited in each aviation service
date (ASD) year group 18 based on the number of people in the
corresponding ASD group at the beginning time and the product of
the appropriate attrition (continuation) rates for the attained
ASD group. Attrition is divided among duty types and flying
accumulation (gate credit) values based on 1nput i1nformation on
the distribution of each ASD year group by duty type (variable
DUTMAK) and gate credit values (variable FLYMAK). An adjustment
in values of DUTMAK and FLYMAK may be necessary to achieve a
feasible solution. Alternatively, variable CHANGE can be used to
adjust attrition at a particular node.

{7) Additional user information i1s in the GATES User's Manual.

EAARRRERRERBRRRRRRAARAERRERRERRREREFRRERARRARRERERR AR RRERRRRERERREERR

program GATES

ceeeeeceeccececccecececeececcecececececceccecceeccecececeoeecececcceceeeccececceceececececceecece
CHERRRERRRARERARER AR RN ERRERERERRERRAERARERARRARERER AR RRARDAERRRNRRNRR
CREERBRERNZHARBRRXRRERERRXERRRRERRERAREERRRRERRERERARERERRRRRERAEERERR

cc
cc
cc
ccC
cc

cC
SECTION 1 cc
cC
VARIABLE DECLARATIONS AND DEFINITIONS cec
cc

cceeecececcececececceccececcecceececcececceececcecececcecececeecececececcececccceccccecccecece

N0 a0nNnaaganaan

nnonaoaoanaan

(2}

a9 0

time = time period in fiscal years, 1 - 5
dutchr = (CHARACTER) type of duty assignment
duty = type of duty assignment, as follows:

duty = 1 = "OPS° = flying duty

duty = 2 = "SUP° = rated supplement & rated staff
duty = 3 = AFIT"

duty = 4 = "PME" = PME & ASTRA

asdyg = aviation service date year group in years

asdten = asd in tenths of years (read from data file)

flyten flying gate credit in tenths of years (from data file)
flycre = periods of flying gate credit accumulated in years

dur = temporary storage for duty assignment durations

minfly = minimum flycre value modeled for a particular ASD group
maxfly = maximum flycre value modeled for a particular ASD group
goals = number of gate credit requirements/policies/goals
nodnum = counter to assign sequential node numbers

maxnod = max number of nodes (but not the total number)

arcnum = counter to assign sequential arc numbers

begnod = beginning node assoc with a particular arc

endnod = ending node assoc with a particular arc

enddut = 1dentifier for duty at end of an arc

107




newasd = identifier for asd group at end of an arc

oldasd = identifier for asd group at beginning of time horizon
newfly = 1dentifier for flycre at end of an arc

endtim = ending time assoc with a particular arc

extflo = (REAL) external flow value for a particular node
arcost = cost assoc with flow on a particular arc

reost = (REAL) cost assoc with flow on a particular arc

rbound = (REAL) upper bound on flow on a particular arc
constn = constraint number

ctype = constraint type

ctype 0 less than or equal to

ctype 1 = greater than or equal to

ctype = 2 = equal to

ctypec = (CHARACTER) constraint type
ctypec = L = less than or equal to
ctypec = G = greater than or equal to
ctypec = E = equal to

rhs = (REAL) constraint right band side
flag = flag variable used in sanity checks
flag 0 = sanity checks passed
flag I = sanity checks failed
flagl = flag used to determine which network “nodes’ should
be modeled and assigned a sequential network number.
expreq = number of experience level requirements (constraints)
specified in inputs section
pmetyp = breakout of ‘PME" duty: 1=ASTRA,2:=1SS,3=SSS
totin = (REAL) total of all inputs to the network (gains +
rotations)
totout = (REAL) total of all outflows from the network
{attrition)
makeup = (REAL) temporary storage for makeup of ASD year
groups by duty type and/or flying credit values

nNnNaoOnNnaoganaoaanannnannnanananaonnnanganananannanaanaannaonan

integer time, duty, asdyg, flycre, asdten, flyten
integer dur, minfly, maxfly, goals

integer nodnum, maxnod, arcnum, begnod, endnod
integer enddut, newasd, oldasd, newfly, endtim
integer arcost, constn, ctype

integer flag, flagl, expreq, pmetyp

real extflo, rcost, rbound, rhs, totin, totout, makeup
c

character ctypec

character#4 dutchr
CHEFERBRRRAARRARERERFEREERARRRERR PR R EARRAE R RN RN AR R ENRRRARNERERE
the following variables are dimensioned for the number of ASD
YEAR GROUPS:

totasd(asdyg) = total of people 1n each asd group at initial
(start) time of model, based on ‘rote.dat’ file

real totasd(0:}8)
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J' I F XSRS E RS SRS R RS R EE R R R R R R R X Z R R R NS RN ZZREER2REEER XSRS SRR |
the following are dimensioned for the number of TIME periods:

fy(time) = associated fiscal years

uft(time) = under-graduate flying training gains

faip(time) = FAIP/other gains

gains(time) = total number of UFT and FAIP/other gains

rote(time) = projected rotations into network

tadjov(time) = total overmanning adjustment

tadjun(time) total undermanning adjustment

totflo(time) total projected arc flows at particular time

asdgrp(time) downstream asd group values

flyacc(time) downstream flycre values

tinput (time) total rotations into network incl gains
totatritinme) total attrition count for year

atrtd(time) total attrition to date

totreq(time) = total rqmts summed acrosgs duty types

ASTRA (time) number of ASTRA requirements

ISS (time) = number of intermediate service school rgmts

SSS (time) = number of senior service school rqmts

compl8(time) = composite l-year continuation rate for

asd year group 18+ (year groups 18 - 27)

catrl8 (time) = cumulative attrition amount for asd group 18

aatrl)8 (time) = additional attrition for asd group 18 that
must be added due to those individuals who are above asd 18
(thogse who were in the initial asd group 18)

ccrl8 (time) = cum cont rate for initial asd group 18

gtrote(time) = 'grand total rotations’ = sum of all rotations
for year “time’

gaintd (time) = gains to date

rotetd (time) = rotes to date

totund (time) = total undermanned requirement (across duties)

totove (time) = total overmanned requirement (across duties)

totadj (time) = total adjustment (sum across duty types)

FAILGl (TIME) = TOTAL ROTATIONS INTO THE NETWORK AT "TIME®
THAT HAVE FAILED TO MEET THE FIRST GATE

FAILG2 (TiME) = FAILED TO MEET SECOND GATE

FAILG3 (TIME) = FAILED TO MEET THIRD GATE

nNaogoaoOnonnNnnNnNnnNnNnaoNnNOnNOnNOoNNAaN NN IANANAONaNnNnanBO~NDN

integer fy(1:5), rote(1:5), asdgrp(l:5), flyacc(i:5)

iy integer uft(1:5), faip(i:5}

INTEGER FAILGl(1:5),FAILG2(1:5) ,FAILG3(1:%)

real gains(l1:5), tadjov(l:%), tadyun(1:5), totfio(l:5)
real tinput(1:5), totatr(}:5), atrtd(1:5), totreq(1:5)
real ASTRA(1:5), ISS(1:5), SSS(1:5)

real catrl8(0:5) ,aatr18(0:5) ,compl8(1:5) ,ccriB8(1:5)
real gtrote(l:%), gaintd(1:5)

real rotetd(1:5),totund(1:5) ,totove(l:5) ,totady(1:5)

-

- -
-

-
'y

-
. e e

c
CRESEERAGRIERAANNNBARBADPRRENARRAARAERRRADERRRRERRAARGRERR RO RCRERAERRERERS
c the following 18 dimensioned for the number of time periods in

c the past that are used to group "DATE-ARRIVED-STATION® blocks.

5

e N

- .-
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das(i) is the number of individuals that arrived on station at

i’ half-year periods prior to modeled time period 1.

das2(j) is used to combine half-year periods into full-year
periods.

sumtos(1)=total people that arrived on station in period i

0 anoononnao

' integer das(1:9), das2(1:5), sumtos(l:9)
c

. CRERERTRE RN EEEREE RN T2 I3 033306000000 0 26 30 0606 0 R
E} ¢ dimension for time periods in the past and duty types.

o c

5: ¢ totdas(prior time period, duty) = ’'total d.a.s.’' by duty

ﬁ: c type = sum of individuals by date-arrived-station and
P c duty type
hﬁ c

W, real totdas(1:9,1:4)

f‘:o c

a; CRERERBEER B ERERN TR I3 0600300300300 0R
ﬁb ¢ dimension for time periods in the past, duties, and asd groups.
i e

e c dasbya(prior time period, duty, asdyg) = 'D.A.S. by

Y c asd group’' = breakout of totdas by asd group. Can be used to
: c determine if different asd groups seem to have different

;a c duty durations.

I') cC

* real dasbya(1:9,1:4,0:25)

: c

o CREERER N RN RN R R RN N R R AR RN RN R R RN RN N R R RN RN R RN R RN R RN RN NN
'f c the following are dimensioned for the number of DUTY TYPES:

, c

}: ¢ dutdur(duty) = duty duration in time periods

R ¢ maxarcl(duty) = the max arc number associated with assignments
3§ c to a particular duty ("duty’=5 ig for attrition arcs)

.? ¢ avgtos(duty) = average time-on-station from AFMPC data file

o ¢ sumdas(duty) = sum of all rotations (from d.a.s. data) for

q: c each duty

o c gtdut(duty) = 'grand total duty’' = grand total sum of all

o c people initially 1n each duty type

X o4
;“ integer dutdur(l:4), maxarc(0:5)
g’ real avgtos(l:4), sumdas(1:4), gtdut(1:4)

0N c

b. CREBRRESRRRER RS E TR RN TR RT3 00330 0303 0000 063063 3 M & 0360 & 0t a
® c the following are dimensioned for TIME periods and DUTY TYPES:
A c
g‘ c rqmt(time,duty) = manning rqmt from rated mgt document

ﬁ: ¢ totdut(time,'uty) = total rotations into the network

0 c from ‘duty’ at ‘time’

i e adjust(time,duty) = people holding positions but not
4 c yet in the network (first rotation is downstream)

K ¢ adjove(time,duty) - adjusted overmanned requirement

3
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adjund{time,duty) = adjusted undermanned requirement
reqove (time,duty) = max overmanned requirement
reqund (time ,duty) - min undermanned requirement
pctove(time ,duty) = percent overmanning allowed
pctund (ti1me,duty) = percent undermanning allowed

o anaaan

real rqmt(1:5,1:4), totdut(l:5,1:4)
real adjust(l:5,1:4), adjove(l1:5,1:4), adjyund(l:5,1:4)
real reqovel(l:5,1:4), reqund(1:5,1:4)
real pctove(l:5,1:4), pctund(1:5,1:4)
CRRERERRREHE N TR NN R RN 000003303300 000 00 00 0 0 0300 0 0 3 003 0 K 3 000K

c the following are dimensioned for TIME periods and ASD groups:
c
c conasd{(time,attained asd group) = l-year continuation rate
¢ ccrasd(time,attained asd group) = cumulative continuation rate
c to date
c atrit(time,attained asd group) = number of attritions
c catrit(time,attained asd group) = cumulative attritions to date
¢ ccrfa(time,attained asd group) = cumulative continuation rate
c for FAIP/other gains
c catrfa(time,attained asd group) = cum number of attritions
c for FAIP/others to date
¢ atrfa(time,attained asd group) = number of attritions for FAIPs
¢ atrflo(time,attained asd group) = sum of all attritions for
¢ each asd year group at “time’
c rotbya(time, initial asd group) = number of rotations into
c the network by asd year group
c
real conasd(1:5,0:18), ccrasd(1:5,0:18), atrit(1:5,0:18)
real catrit(0:5,0:18), ccrfa(l:5,4:8), catrfa(l:5,4:8)
real atrfa(l:5,4:8), atrflo(1:5,0:18), rotbya(1:5,0:18)
c

CERERREEREERERNRRERRERERRE R AN FEREFERERRARARAERFRRRERAERERRERREERR
c dimension for ASD YEAR GROUPS and FLYcre:

flytot(asdyg,flycre) = initial makeup of each asd group
by flycre values (raw numbers from AFMPC rotation data)
flypct(asdyg,flycre) = initial makeup of each asd group
by flycre values (percent); calculated from raw input
rotation data
flymak (asdyg,flycre) = approx makeup of each asd group

by flycre values (percent); 1input for use 1n calculating
attrition

real flypct(0:18,0:11), flytot(0:18,0:11)

real flymak(0:18,0:11)
CRESFRAAZRFRREREERAERREREERRREERERRRERRREREREREER R RRRR AR R ERRRRRER
dimension for DUTY and ASD YEAR GROUPS

nnNOoOnNn~N"naan

by asd year group values (percent); calculated from raw
input, rotation data

c
c
c asdpcti{duty,asdyg) = initial makeup of each duty type
c
c
¢ asdsumlduty,asdyg) © sum of peopie in each duty type/

111
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c asd year group combination
¢ dutpct{duty,asdyg) = initial makeup of each asd year group
c by initial duty assignment occupied (percent); calculated
c from raw input data
¢ dutmak{(duty,asdyg) = distribution of each asd year group
c among duty types (percent); input for use in calculating
c attrition
c
real asdpct(1:4,0:18), asdsum(1:4,0:18), dutpct(1:4,0:18)
real dutmak(1l:4,1:18)
c

CMMMMIE RN RN R RN R RN NN R NN RN RN RN RN RN RN RNER
¢ the following are dimensioned for TIME periods, DUTY TYPES (or
PME types), and CONSTRAINT TYPES:

constr(time,duty,constraint type) = associated constraint number
pmecon{time,pme type,constraint type) - assoc constraint number

naOaonn

integer constr(1:5,1:4,0:2), pmecon(1:5,1:3,0:1)
(3 2222222 2R R REERESEEE NSRS ERSRS SRR REZS RN SRR R R R R
the following is dimensioned for TIME periods, DUTY TYPES, and
ASD year groups:

totrot(time,duty,asdyg) = total number of rotations
into network based on INITIAL asd group and duty type

an0aonaoan

real totrot(1:5,1:4,0:18)
CREBEREBEARERRRRERRRR RN ARE RN AR R R AR RN RN R R RN RN N R RN R 0000 %

dimension for time periods, duty types, asd groups, flycre values:

atr(time,duty,asdyg,flycre) = attrition at the
corresponding node

CHANGE (TIME,DUTY,ASD YEAR GROUP,FLY CREDIT) = ADJUSTMENT IN
ATTRITION AT CORRESPONDING NODE;
DUTY TYPE CAN ONLY BE 1 OR 2, MIN ASD AND GATE CREDIT IS
6 BECAUSE ATTRITION IS NEGLIGIBLE FOR VALUES BELOW THIS.

aaaaQaQanaana

real atr(1:5,1:4,0:18,0:11) ,CHANGE({1:5,1:2,6:18,6:11)

2 2223222222222 2SS R S RRERERR RSS2SR RS R R SR
the following are dimensioned for the total number of gate “GOALS':

cogt(goal number) = artificially assigned cost for not attaining
associated flying “gate’

asd(goal number) = aviation service date assoc with "gate’ goal
fly{goal number) flying time credit assoc with “gate’ goal

nnNnanaoaa

1integer cost(1:12), asd(1:12), fly(1:12)
CHRERRAR RGN FE NN 000000 00 30 0636 06 38 0 00 00 00 28 0 0 36 30 00 30 30 0 00 J 00 06 2 3030 30 J6 00 0 00 3 O 6 0 3F 6 6 ¢
¢ dimension for the number of experience level requirements specified
c in the inputs (value of EXPREQ)
¢ expcon must be dimensioned for value of expreq and time
c

112




integer expdut(5),expasd(5) ,exptyp(5),expcon(5,1:5)
real exppcti(5)
(222222 R XS R 2R R R 2SS F R S B R RS RS N RN R E N EE S E S SRR S ZEESNSZZZZE RS
ARC is dimensioned for the MAX NUMBER OF ARCS.
Arc(arcnum, index) :
index=1 holds “from node’
index=2 holds “to node’
index=3 holds “arc cost’
index=4 holds “arc flow upper bound’
index=5 holds “arc begin time’
index=6 holds “arc end time’
1ndex=7 holds ‘arc begin asd year group’
index=8 holds ‘arc end asd year group’
INDEX=9 HOLDS “ARC BEGIN FLY CREDIT"
INDEX=10 HOLDS °“ARC END FLY CREDIT"

Qoo a0 ao0ao0nnnaan

integer arc(3000,1:10)

(2 X222 XXX EEEEZRERZE R RZ 2SR RS EER AR S RS R RS RS SRSS R RS EE R RRE SRR S R
NODE is dimensioned for the number of TIME periods, DUTY TYPES,

ASD year groups, and FLY CREDIT values

(the "FULL" size of the network).
Node (time,duty,asdyg,flycre,index):

index=0 holds “node number’

index=1 holds "node external flow"

a0 0an06anaO0n

integer node(1:5,1:4,0:18,0:11,0:1)
c

¢cecececececceccececececcecceccceccecececcecececceeeceocceceececececeecccecececececcecececcececececce
CRERNEEHENETERIE TN NIRRT T35 30333030 3 33 3 3% 3 % 3% %%

2RSS 2RSSR RS R R AR RSS2SR AR 2R X2

cc cc
cc SECTION 11 cc
cc cc
cc SPECIFY PARAMETERS cc
ce cc

CCCCCCCCCCeCCCCCCOCCCOCCCCCeCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCeCece
c
c w#x#% This info could probably be input from
¢ keyboard when prompted by the program (interactive input)
¢ with minor modifications to this program. *x#%x
CHRBRRERER RN RN 30033064 3330 3 308 3 3 3 0 36 3% 3t 36 3 3 30 36 36 3 3 3% % 3 3t 3 36 3 3 ) 3 3 3 % %
¢ starting fiscal year for the network model is fy(l).
c
fy(l)=88
fy(2)=fy(l)+]
fy(3)=fy(1)+2
fy(4)=fy(1)+3
fy(S)=fy(1l)+4
CHRRRRERE RN RN T TR T 00330 X000 006060 38 0006 3 96 00 3 36 06 36 36 9 3 3 3% 0 36 06 06 0 30 0 % % %
c duty assignment average durations by (duty) in years
c
dutdur(})=3
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w v hadedioe AR AR Al 4]

dutdur(2)=3
dutdur(3) =1
dutdur(4)=1

CRMEREREE RN RN R R R R R RN NN R NN R R R RN RN NN N R NN RN NN RN NN RN
¢ artificial cost(i) assigned for failure to meet fly(i) years of

¢ gate credit accumulation by asd(i) years of aviation service.

c These costs drive the network optimization routine to provide a

¢ solution which maximizes compliance with gate rqmts and goals.

c NOTE: Cost values need to be relatively small integer values

¢ (less than 10 ?) to prevent overflow of the objective function

¢ in the NETSID routine.

[o] % 3% %

¢ Costs must be ordered high-to-low, unless it can be determined

¢ that no other costs apply to a particular arc. This is because no

¢ additional costs are examined once it is determined that a particular
c cost applies to an arc (costs are examined sequentially based on
¢ the “index” i. However, zero-costs can be
¢ interspersed with the other values (this prevents a need to
¢ constantly renumber the "i‘s associated with costed arcs).
[od [ E X 2
¢ "Goals® holds the number of requirements/policies/goals.
¢ If more than 12, must redimension cost(i), fly(i), asd(i)
c (INTEGERS 11)
c

c

c

‘requirements’
first gate:
cost(1)=3
fly(1)=6
asd(1)=12
c second gate:
cost(2)=2
fly(2)=9
asd(2)=18

c third gate:
cost (3)=1
fly(3) =11l
asd(3)=18

: 77 gate:

e cost (4)=0
fly(4)=0
asd(4)=0

7? gate:
cost(5)=0
fly(5)=0

| @ asd(5)=0

<

0

TLLy
o)

‘policies’ for years thru asd year 6 are necessary to

prevent large flows (towards the end of the network time horizon)
to nonfly jobg for these low-time flyers.

(NOTE: these are NOT required for this latest version of GATES
due to internal structural constraints which force low time
aviators to rotate only to flying duties.

naaoaano0anaao
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cost (6) =4
fly(6) -1
asd(6)=1

cost(7)=4
fly(7)=2
asd(7) =2

cost(8) =4
fly(8)=3
asd(8) =3

cost(9)=4
fly(9)=4
asd(9) =4

cost(10)=4
fly(10)=5
asd(10)=5

cost(ll)=4
fly(11)=6
asd(11)=6

‘goals”
not used: suggest assigning cost of “1° if used

oaan

cost(12)=0
fly(12)=0
asd(12) =0

¢ total number of requirementst+policiestgoals
c

goals=12
c
2332222222 RSS2SR 2RSSR R 2R R R R R R R 2RSS
¢ projected UFT gains: assumption is entry at | year asd group
and 1 year fly credit. Fiscal year totals from the rated management
document are used.
It is assumed that these values are already adjusted for attrition.
(INTEGERS 1!!1)

annaana

lst year
uft(1)=229

2nd year
uft(2)=248

¢ 3rd year
uft (3) =248

¢ 4th year
uft(4)=235

¢ 5th year

aQ
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uft(9$)=235

c
¢ projected FAIP/other gains: assumption is entry at 4 year
¢ asd group and 4 year fly credit. Fiscal year quantities from
¢ the rated management document are used. It is assumed that these
¢ values are adjusted for attrition.
c (INTEGERS ''1)
c
¢ lst year
faip(1)=88
¢ 2nd year

faip(2)=67
¢ 3rd year

faip(3) =67
¢ 4th year

faipt4)=64
¢ 5th year

faip(5)=64
c
¢ total UFT and FAIP/OTHER gains for use in "sanity’ checks.
C

do 10 time=1,5
gains(time)-uft(time)+faip(time)
node(time,1,1,1,1)=uft(time)
node(time,1,4,4,1)=faip(time)
do 10 i=],time
gaintd(time) =gaintd(time) +gains (i)

10 continue
CRERBERERFEREEREERREEERE RN ERERRRERREERFERRRRRRARRERERRREERTRRRREREENN

¢ requirements for fiscal years of network time horizon for use
¢ as side constraints: Rqmt(time,duty).
¢ (REAL NUMBERS !'1i)
(o4
¢ flying positions
¢ NOTE: THIS IS THE SUM OF "FORCE" + "TRAINING® + °“ADVANCED
¢ STUDENT® + “ATC MWS PRESENCE® FROM THE RATED MANAGEMENT DOC.
c
rqmt (1,1)= 2201.
rqmt(2,1)= 2195.
rqmt (3,1)= 2192.
rqmt (4,1)= 2159,
raqmt (5,1)= 2191,
) c
° ¢ rated staff/supplement positions (nonflying)
o ¢ NOTE: THIS IS THE SUM OF °"STAFF' + °"GENERAL OPS STAFF" +
-‘ C °SUPPLEMENT® FROM THE RATED MANAGEMENT DOCUMENT
by c
0 rqmt (1,2)= 979.
) rqmt (2,2)= 977.
r rqmt (3,2)= 1041,
0 rqmt (4,2)= 1013.
Iﬁ rqmt(5,2)= 1192,
"
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NOTE: the Rated Management Document groups AFIT anad PME togetner.
In this model, the requirements have been split 50-50 between AKFIT

and PME/ASTRA.
s&nx Better information would be "nice’ to have. »zxx
AR ERAERAFERR RN R R R R R R AR RN AN KRR R R AR

AFIT positions (nonflying)
rqmt(1,3)= 31.
rqmt (2,3)= 31.
rgmt (3,3) - 33.
rqmt {4,3)= 32.
rqmt (5,3)= 38.

PME/ASTRA positions (nonflying)

rqmt(1,4)= 31.
rqmt (2,4) - 31.
rqmt (3,4) = 34.
rqmt (4,4)= 33.
raqmt (5,4) = 38.

breakout of PME/ASTSA positions. This is to insure adequate
flows to "PME" nodes for each range of ASD year groups eligible
to attend one of these assignments. ASTRA(time) + ISS{time) +
SSS(time) should equal rqmt(time,4). This set of inputs
assumes 5 ASTRA positions each year and the remaining "PME’
positions are split 70 % to ISS and 30% to SSS. These numbers
can be easily adjusted in this section.

do 11 time=1,5
ASTRA(time) = 5.
ISS(time) = ANINT(.7 # (rqmt(time,4)-ASTRA(time}))
SSS(time) = rgmt{time,4)-ASTRA(time)-ISS(time)
continue

sum requirements across duly types

do 12 time=1,5
do 12 duty=1,4
totreg(time)=totreq(time; + rgmiltime,duty)
continue '

input approximate experience level requirements by duty types.
Thig is more likely necded for FLYING duties to prevent low
overall experience levels in those duties.

LR R

Note: For less-than constraints, beginning asd groups aetermine
which flows apply against the constraints. For greaver-than
constraints, even if specified asd group is attained only at

the
end of the assignment, the [low contributes towards attainment
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c of the goal.
[od R R ]
c Exptypl(i) = 0 for less-than constraints
c = 1 for greater-than constraints
c Exppcti{i) is applied against the baseline manning requirement
c for the corresponding duty (not adjusted for over-/under-
c manning tolerances).
c
¢ CONSTRAINT SUGGESTED BY DPMYAF:
¢ At least 50 percent of duty type ! positions must be heid by
c personnel holding an asd group of 6 or higher:
expdut (1) =1
expasd (1) =6
exppet (1)=50.
exptyp(l)=1
c
c Additional experience level requirements could be specified using
c expdut(2),...., expdutid), etc.
c
¢ expreq is the total number of experience level requirements
c 1identified above:

expreq=1l
(JEE XSRS S XS R E RS R R X E N R R R R R R R X S R R R R F S R R R R R E R N SRR EEEEEENER ]

¢ input of undermanning and overmanning tolerances for calculation of
¢ side constraints and negative external flows at end of time horizon.
¢ Percent overmanning and undermanning allowable (deviations from
¢ "Rqmt” values input above) by time and duty type.
c NOTE: For this set of inputs, a do-loop is used to assign the same
¢ tolerance percentages for all years. However, a very minor change
c will allow using different percentages for each year.
c
c #xxx May need to adjust these to get a feasible solution. wx#ss
c
do 16 time=1,5

pctove(time,l) = 10.

pctove(time,2) = 10.

pctove(time,3) = 5.

pctove(time 4) = 0.
c

pctund(time,l) = 10.

pctund(time,2) - 1U.

pctund(time,3) = 4.

pctund(time,b4) - 0.
16 continue

H
CHREZBERZAIRFRRBIAREXFRHXARRNEERFXRA R R ERAAEERERENERAER AR ERARE A RRRRA RN RSN

¢ Input continuation rates {(for this MWS and rating

¢ Category) by year and asd group. Continuation rates for asd group

c 18 years is weighted average of rates for years 4 up to 21,

¢ depending on the “time’. This i8-year rate applies only to those

o entering asd group 18+ during the time horizon of the model. Those

c 11ndividuals who start in asd year group i, and theretore siay 1n asd
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. ¢ group lA during the model, make use of “compi¥’, which 1s an averaged
E ¢ continuation rate depending on the atiained asd year groups of the

’ ¢ initial 18-year group.

o

. c w#%x For this set of inputs, a do-ioop 15 used to assign the same

o ¢ continuation rate for all % years modeled. However, separate
’y ¢ rates for each year couid be input. #xwx

:"e c
o do 18 time=1,5

conasd(time, 0)-..0
conasd(time,1) 1.0
conasd{(time, 2)=1.0
conasd(time 3)-1.0
conasd{time, 1) 1.0
X conasd(time,5)=1.0
conasd(time,€) =.94
K conasd(time,7)=.83
* conasd(time ,8)=.83
conasd(time,9) -
conasd(time,10)=.86
conasd(time,11)=.86

o conasd(time,12)=.93
b conasd(time,!3)=.98
o conasd(time,14)=.99
conasd (time,15)=.99
ﬁ: conasd(time,16)=.99
b conasd(time,17)=.99
' 19 continue
:e; o]
¥ c conasd rates for asd year group 18(+) are weighted averages for
z, ¢ the asd groups that makeup “asd year group 18 . The makeup of
:5 c this group changes as time progresses.
A Iy
) c continuation rate for year I, asd group iB+ 1s sel equal to 1.0
ﬁ: ~ because attrition for this group 1s calculated using rates for
ﬁ c asd 18+ provided below (compl8).
’? conagd(1,18)=1.0
hﬁ ¢ year 2 rate for year group I8
At conasd(2,18)-.99
q ¢ vyear 3 weighted average for asd groups i8-i9
? conasd {3,18) = .97
bf ¢ year 4 weighted average for 4asd groups 18-20
e conasd(4,18)=.88
ﬁ: ¢ year 5 weighted average {or asd groups !8-21
!y conasd(YH,18)-.84
® ¢
) c calculate cumulative continuation rates. These are indexea on
! ¢ the current "time” and the attained asd group at "time’
¢ Cumulative continuation rates for FAlP gains and the initiai
$ ¢ group of individuals in asd group 18+ are caiculated separately.
A c
do 20 newasd-1,18
L~
o
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DA do 20 time=1,5

M ccrasd{time,newasd) =conasd(time,newasd)

e do 20 i:l,\lime-]
' oldasd=newasd-1
FQ 1f (oldasd.lt.0) oldasd=0
.d‘ ccrasd(time,newasd) =ccrasd(time, newasd) *
?2 s conasd(time-i,oldasd)
A 20 continue
o c

!? ¢ composite continuation rates for the individuals originally 1in
.ﬂb c asd group 18 are a weighted average for the “attained” asd groups
:ﬂ c for this group as of "time . compl8(l) is the "average’ of

:Qh ¢ rates for year groups 18-27, ..., compl8(5) 1s the "average’

kp ¢ for year groups 22-27.
v c
. compl8(1)=.83
hﬂ, compl8(2)=.55
:Qﬂ compl8(3)=.30
e compl8(4)=.17
SO0 compl18(5)=.14

M c

¢ cumulative continuation rates for the original asd year group 18.
- c
A do 22 time=1,5
vl ccrl8(time)=1.0
o do 22 i=1,time

' ceri8(time)=ccrlB(time) * compliB(i)
4 22 continue

» c
:;): CREREEEBRREXERL TR T E KT N X TT0R 033033 0336 3 3 36360 3 0 % 0 3 3 0 0 5 363 0 3% 3 O 38 06 06 3¢
‘b', ¢ input asd group distribution percentages (approx) for calculation
$5 ¢ of attrition negative external flows.
b c
,a ¢ NOTE: Only asd groups GE 6 are included here (assumption is that
:af c attrition is negligible for asd groups LT 6)
o o
: A c flymak(attained asd group, attained fly credit) = "flycre makeup’
f* c = percent of each asd group consisting of each flycre value.

. c For each asd group, summing across the flycre values should

o c equal 100.
':’i: c CHANGING VALUES OF FLYMAK AND DUTMAK (BELOW) DIRECTLY AFFECTS
,: c HOW MANY INDIVIDUALS FROM EACH DUTY,ASD YEAR GROUP,FLY CREDIT

;::; c COMBINATION ARE ATTRITED EACH YEAR.
I"’ c

°. flymak (6,6)=100.
'.:;l;' c
5¢t fiymak(7,7)=100.
) c
)..C
:vk flymak (8,8)=100.
.'.,:Q c
" c flymak(9,6) =20,
ol c flymak (9,7)=20.
t,"l
c,::v
:f." 120
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2]

C

a0 nan

flymak(9,8)=30.
flymak(9,9)=30.
flymak(9,9)=100.

flymak (10,6)=10.
flymak (10,7)=15.
flymak (10,8)=15.
flymak(10,9) =30.
flymak (10,10)=30.
flymak(10,9)=15.
flymak (10,10)=70.

flymak(11,6)=10.
flymak(11,7)-10.
flymak(11,8)20.
flymak(11,9)=20.
flymak(11,10)=20.
flymak(11,11)=20.
flymak(11,9)=10.
flymak(11,10)=25.
flymak(11,11)=25,

flymak(12,7)=10.
flymak(12,8)=10.
flymak(12,9)=15.
flymak (12,10)=15.
flymak (12,11)=50.

flymak(13,8)=15.
flymak (13,9)=15.
flymak (13,10)=15.
flymak(13,11)=55.

flymak (14,9)=20.
flymak(14,10)=20.
flymak(14,11)=60.

flymak(15,9)=15.
flymak (15,10)=20.
flymak (15,11)=65.

flymak (16,9} =15.
flymak (16,10)=15.
flymak (16,11)=70.

flymak (17,9)=15.
flymak (17,10)=15.
flymak (17,11)=70.

flymak(18,9)=10.

flymak(18,10)=10.
flymak (18,11) =80,
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flymak (18,11)=100.

Specify the distribution of each asd group among duties, for use
tn attrition. DUTMAK(duty,asd group) = "duty makeup™ =

the percent of each asd group that 1s assigned to the indicated
duty type. For each asd group, summing across duty types should
total 100 percent. ASSUMPTION: attrition at AFIT and PME nodes
1s zero. Therefore, the percentages really refer only to the
approximate relative percentages of each asd group occupying duty
types | l(ops fly) and 2 (supplement/staff).

CHANGING THESE VALUES, ALONG WITH CHANGING VALUES OF FLYMAK (ABOVE)
DIRECTLY AFFECTS ATTRITION FOR EACH DUTY,ASD GROUP,FiL.Y CREDIT
COMBINATION.

QN o N naan

TN N 0N

dutmak(l,6) =100,
dutmak(1,7)=100.
dutmak(!,8)-100.

dutmak(1,9)=75.
dutmak(2,9)=25.
dutmak(1,9)-=100.

(2]

dutmak(1,10)=50.
dutmak (2,10) =50,

dutmak(1,11)=50.
dutmak (2, 11)=50.

dutmak(l,12)=50.
dutmak (2,12)=50.

dutmak(1,13)-60.
dutmak (2,13)-40.

dutmak(l,14)=60.
dutmak(2,14)=40.

dutmak(l,15)=60.
dutmak(2,15):40.

16)=60.
16)=40.

dutmaki],
dutmak (2,

dutmak(1l,17)=60.
dutmak (2,17)=40.

dutmak (), 18)=60.

dutmak (2,18) =40,
Cllllllllllll!lli!lllllllllllillllli!lllliil!!llllllllll!l*llllIil
C USE PARAMETER °"CHANGE® TO ADJUST THE ATTRITION AT A PARTICULAR
C NODE IN ORDER TO ACHIEVE A FEASIBLE SOLUTION. + INCREASES THE
C AMOUNT OF ATTRITION, DECREASES ATTRITION.
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C CHANGE(TIME,DUTY,ASD GROUP,GATE CREDIT)
C

CHANGE(1,1,9,9)=-3.

CHANGE(1,1,9,8)=3.

CHANGE (}1,2,12,8)=-1.

CHANGE(1,1,12,12)-1.

CHANGE :2,1,8,8)=-5.

CHANGE(2,1,8,7)=5.

CHANGE(2,1,9,9)=-5.

CHANGE(2,1,9,8)-5.

CHANGE(3,1,9,9)=-8.

CHANGE(3,1,9,8)=8.

CHANGE(3,1,12,10)=-1.

CHANGE(3,1,12,11)=1.

CHANGE(5,1,8,8)=-40.

CHANGE (4,1,7,7) =40.

CHANGE(S,1,9,9)=-2.

CHANGE (4,1,8,8)=2.

CHANGE(5,1,11,11)=-4.

CHANGE (4,1,10,10) =4,
c
CCCCCCCCCCCCCCCCCCCCCeeeeeeceeeceecececcececccececececcecccececececccccecccecceece
CHER RN RN R AR R R R R R NN R R R R R RN R R NN RN AR R RN R RN RN RN RN RN RN RN NN
CRERE R R AR R R R RN R R R R RN R R R R R R RN R R AN R RN R RN R R R R NN RN

cc cc
cc SECTION III cc
[of o] cc
cc INPUT ROTATION DATA (POSITIVE EXTERNAL FLOWS) cc
ce cc

cececeecececceceeccececceccececceoececcecceececcececececccoecececeecececcceccccecccecccececcece

this i1nformation comes from a datafile created from the AFMPC
database. Given the correct database access commands, THIS program
could possibly CREATE the required database, using parameters
specified via interactive 1pputs to this program. As presently
implemented, though, the data file must be created before running
this program (named "rote.dat’).

07 a0nNnaoana”n

open (unit=5,f1le-"rote.dat’ ,status='old’)
I 22 R R EEZEE R R AR R R SRR R R RN EZ SRS R R R SZREREREREEEE S NEEERREERER R X X J

c wnsnerwssss hegining of goto loop to read data *xumrssnxn
-

35 continue
c
o 1nitialize dag and rote
c
do 30 1=1,9
das(1) =0
30 continue

do 32 time-!,5
rote(time) O
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;g :2 continue

AX
"ﬂ‘ ¢ read rotation data file

(o]

ﬁ%‘ read (5,300,end=-40), dutchr,asdten,flyten,das(9),

:& $ das(8) ,das(7) ,das(6) ,das(5) ,das(4) ,das(3) ,das(2) ,das(1)
:ﬂa 300 format (A4,14,14,13,8(14))

v?‘:“ (2 2 R REEZ SRR R Z R R EEEZERZ R E RS EE SRS XS EE R RS SRS REEEEERSEEESRRREE X ]
’ﬂ% c convert duty type from character to integer

! c

wl if (dutchr.EQ.’'OPS') duty=l

;~.: if (dutchr.EQ.'SUP') duty=2

el 1f (dutchr.EQ.'AFIT’) duty=3

2 if (dutchr.EQ.'PME') duty=4
""' (2 2223 2XXE2 32 EEZ 2SR 22X 2R RS RS X RRS SRR SR RS SS RS SRS SR 2SR
., ¢ convert das(i) to rote(j), that is, how many individuals will
p”' ¢ rotate in time period j.

}g ¢ das2(k) is used to total half-year

:5& ¢ date-arrived-station (d.a.s.) groups into full-year groups.
B c

A das2(1)=das (1) +das(2)

9. das2(2) =das (3) +das (4)

N das2(3) =das(5) +das (6)

s;« das2(4) =das(7)+das(8)

)N das2(5) =das (9)

?,( c
A dur = dutdur{(duty)

i C

;kk c 1if the number of time periodsg since date arrived station (d.a.s.)
B c is greater than or equal to the modeled duration for the

}}: ¢ particular duty type, then the people are assumed to rotate
'xb ¢ 1n time period l. Otherwise, they are assumed to rotate “dutdur’
'j' ¢ time periods after "d.a.s.’.

'y c
TN do 34 i=dur,5

Yyl rote(l)=rote(l) + das2(i)

) : 34 continue

T do 36 time=2,dur

. rote(time) = das2(dur+l-time)
=T 36 continue
t} CEREERERERE R BEEE 0003000030000 30 0608 038 R 00 3 30 06 0 36 36 08 Jt 30 0 3 6 06 0 36 00 3 0 2 NN N NNR
!:i ¢ convert asd year group from tenths-of-years to FULL-years
-4 c sxssvwsnss (INTEGER DIVISION) wmxzsxwxx
.“% asdyg - asdten / 1V

o. c

T F. ¢ convert fly credit from terths-of-years to FULL-years

'; c nswpsasnnd (INTEGER DIVISION) =suxznisn

': flycre = flyten / 10
, X EE XX RS R RZ RS EE R R RN R R R E R RS EEEZ RS ESSEAREERESEESEERRSERRRR S
o : ¢ accumuiate date-arrived-station figures.

c

oty do 37 1:1.,9

iy

:n:':

R

o 124

o

@

0

.

Oy e e N o0 e A T R O ¢ L T R




totdas (i,duty) =totdas(i,duty) +das (i)
dasbya(:,duty,asdyg) =dasbya(i,duty,asdyg)+
] das (i)
37 continue
2 EE 2R R E R R R R E R R R R R R R R RS SRR 2 R RS 2SS E SR RS RS RS SRS ESS S FEREEES RS R

¢ accumulate total rotations by time and duty type and asd group

¢ (based on INITIAL ASD GROUP).
¢ These are used to adjust the manning requirements
¢ that are used as side constraints.
¢ These values are also used in the “sanity’ checks, and to
¢ compute attrition quantities.
c Note that these numbers do not include UFT and FAIP/other gains.
c
i1f (asdyg.gt.18) asdyg=18
do 38 time-=1,5
gtrote(time)=gtrote{time) +trote(time)
totrot(time,duty,asdyg) =
E totrot(time,duty,asdyg) +rote(time)
c
38 continue

CHERRRERERERE MR E R R RN RN R NN R R RN R R RN R RN RR RN
c adjust downstream asd year group

c
asdgrp(l)=asdyg
do 39 time=2,5
asdgrp(time)=asdgrp(time-1) + |
39 continue
o]
c force max asd year group to be 18 years.
¢ This is a modeling consideration to reduce the size of the network
c
do 41 time=1,5
if (asdgrp(time).GT.18) then
agdgrp(time)=18
endif
4} continue

CRUT R0 33300333 933 363 33 3 3 96 06 0 36 3 3 96 3t 0 3 0 3 3 3 3 0 36 % 0 0 0 0 3 06 0 0 B K KN KR
Force min flycre to be asd group or 6 years, whichever

is less.

Force all rotations for asd group less than 6 years

to be from fly jobs.

Force individuals currently in AFIT positions with ASD group
greater than 13 to enter the network at duty type 2 (SUP),
because AFIT nodes do not exist in the network for these ASDs.
Force individuals currently in PME positions with ASD groups
between 8 and 13 or between 15 and 18 to enter the network at
duty type 2 also.

NOTE that these are modeling assumptions which reduce the size
of the network. Affected individuals are totalled against
actual current duty in the above loop (totrot) for use in
adjusting the "requirements’ side constraints.

ano0ao0aaaaonaaaanan

a 3
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if (asdyg.GE.6 AND.flycre.LT.6) then
flycre=6
endif

1f (asdyg.LT.6) then
flycre-asdyg
duty=1

endif

if (duty.eq.3.and.asdyg.gt.13) duty=2

if (duty.eq.4) then
if ((asdyg.lt.7) .or.
s (asdyg.gt.8.and.asdyg.1t.13).or.
s (asdyg.gt.19.and.asdyg.1t.18)) duty=2
endif

2]

adjust downstream accumulated fly credit for flying duties

do 42 time=1,5
if (duty.EQ.1) then
flyacc(time)-=flycre+time-1
else
flyacc(time)=flycre
endif
42 continue

force max fly credit to be 1l years. This is a modeling
consideration to reduce size of the network. 11 years
corregsponds to completion of the third (and last) flying “gate’.

anna

do 44 time=1,5
if (flyacc{time).GT.1l1l) then
flyacc(time)=11
endif
44 continue
2 EEZEZEER R R EEESEE AR SRS AR R R RS SRS EEEREEEEREREREEEEERERSRRARRRRRRRR X 2]
c total initial personnel by asd year group/fly credit

c
do 45 time=1,5
flytot (asdyg,flycre)=flytot(asdyg,flycre) +
% rote{time)
45 continue

CE R AR AR R R R R R R AR RN RN R R R R R R R RN R R AR R R R RN R R RN NN R RN E N R RN RRRR |
C TOTAL INDIVIDUALS WHO WILL ALREADY HAVE FAILED TO MEET A GATk AT
C THE TIME OF THEIR FIRST ROTATION INTO THE NETWORK
¢
DO 43 1=1,5
IF (FLYACC(I).LT.6.AND.ASDGRF(1).GE.12)
3 FAILGL(1)=FAILG] (1) +ROTE(I)
IF (FLYACC(]) .GE.6.AND.FLYACC(I).LT.9.AND.
s ASDGRP (1) .GE. 18)
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$ FATLG2(T) = FAILG2 (L) +ROTE(L)

4’ TF (FLYACC(l) .GE.9.AND.FLYACC({I).LY.iI1.AND.
ASDGRP(!) .GE. i8)
FATLG3(1)=FAILG3 (1) +ROTE (1}

* sl
® &

“ 43 CONTINUE

" 22T ESEEE R RS E R SR N2 R R R R E R S R R R G R E S E R N R R R R R R R R R R R R R E YR E R R R R BRSNS
K\ ¢ place external flow values into node array. Values are added to
:f ¢ existing entries because above conversions of flycre and duty type
at o could result in more than one iine of the data fiie supplying values
v ¢ to a single array (node) location, and because rotating persons must
) ¢ be added to UFT and FAIP/OTHER gains, which are already in “node’
R c
‘ do 46 1=1,5
k node (i ,duty,asdgrp(1),flyacc(i),l)-rotei1)+

; s node(i,duty,asdgrp(i), flyacc(i), 1)
r 46 continue
) c
' go to 35
W4 c #xxxxexswnxx end of loop that reads data x*e¥xxxxxx
:$ S EEZZ2 222X EESRSEEZS SRR RRERES 2R R RN RS ERRRRREREER YRR RDERES ]
& 40 continue

4 c
" close (5)

; o

- CCCCCCCCCECCCCCCCCCCCCCceCcecrcececeececeeeceecceeececceccecccececceccceccecccecceec
J; S E2ZESEEEEEZEZERZE SRR R RS RS REASE SR AR R AR R R SRR SRR R R ERE RS R R
N CRE RN RS RN R RN NN R R NN RN R R NN RN RN RN RN RN RN AN RN KRR R RN RN RN
{ cc cc
k> cc  SECTION IV cc
i ce cc
0, oce CALCULATIONS AND "SANITY® CHECKS ce
o ce ce
. CeeCOCCOCrrCCCCCCOCCCCCCCeCCCeCCeeeececroeeeceeececcececececceececceceecececc

These checks compare the quantity ol 1ndividuals available 1n the

o
o

" ~ network with the requirements (side constraints) for each time

e ~ period.

:f ¢ If avarlability 1s not within the upper and iower requirementus

J ~ bounds, execution i1g terminated.

. WEXZ2ZE 2SR SRR R R R R R R R R S S R R R E R R E R R SRR R E RS EE R EZ R AN SRS REREDEEREEEE]

N open(unit=9,file="sanity.ocut’',status: "new')

:, B EEEZEZEE SR EE R XSRS SRR R SRR RS Z R RS EEEE SR REEZE RS SR EER RS EEREEE N ]

K o OUTPUT SOME PARAMETERS U SANITY.OUT

"

28 C

) ~

o+ WRITE (9,1000)

1000 FORMAT(//' INPUT PARAMETERS'/)
. write(9,1001) dutdurt}) dutdur(2),dutdur(d) dutdurid)

e 1001  format (' DUTY TYPE:' 10X, FLY’ AX, 'SUP’', 4X, 'AF{T', 3X,
- $ 'PME'/' ' ,'duty duration: '6X,I3,4X,13,4X,13,5%,13)

K WRITE(9,1002)

! 1002 FORMAT(//’ GATE COSTS:  GATE TIME ASD MISS COST'/)
i DO 2000 I=1,GOALS

i

‘0

.l
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I
;: WRITE(9,1003)FLY(I) ,ASD(1),COST (1)
" 1003 FORMAT(' ',14X,15,8X,13,4X,14)
;; 2000 CONTINUE
WRITE (9, 1004)
; 1004 FORMAT(//' ATTRITION ADJUSTMENTS'/
. $ ' YEAR DUTY ASD FLY ADJUSTMENT '/
> $ ' - - - --= eemmeee--- ")
K. PO 2001 TIME=1,5
* DO 2001 DUTY=1,2
! DO 2001 ASDYG-=6,18
? DO 2001 FLYcre=6,11
) IF (CHANGE(TIME,DUTY,ASDYG,FLYcre) .NE. Q)
O $ WRITE(9,100%5)TIME,DUTY,ASDYG,FLYcre,
R $ CHANGE (TIME ,DUTY,ASDYG,FLYcre)
¢ 1005 FORMAT(' ’,14,2X,14,2X,13,3X,13,4X,F5.0)
) 2001 CONTINUE
N C
- Cl*lvllll’liiii!!ll!*lilllili!lliliili*!ll!l‘ii*l’lllll'llllllRll
¢ Calculate time-on-station totals.
K c i = time period in the past (half-year increments)
s c

¢ do 88 duty=1,4

3 do 88 1=1,9

) sumdas (duty) = sumdas(duty) + totdas(i,duty)
sumtos{1) = sumtos{i) + totdas(i,duty)

a8 continue
[1
f C
» ¢ write date arrived station info to sanity.out file
; c

@ write(9,880) fy(l)-4,fy(1)-4,fy(1)-3,fy(1)-2,fy(1l)-1
- 880 format(//' ARRIVED-STATION STATISTICS'/’ (number that arrived’,

S $ ' at initial duty station’/' during indicated time periods. '/
$ ' lst column = fy lIst half, 2nd column = fy 2nd hali)'//
$ ' duty before'/
$ ' type ',lx,'FY', I2,2x,4(1x,’'FY’ I2,5x), total’/
” L ik, 40 - TLIlx) e ")
j do 77 j=1,4
» write(9,881) j,totdas(9,;),totdas(8,j),totdas(7,3),
‘ $ totdas(6,3) ,totdas(5,j),totdas(4,)) ,totdas(3,j),
. $ totdas(2,j),totdas(1,j) ,sumdas(j)
& A continue
1) 881 format (' ' ,4x,11,3x,F4.0,2x,4(F4.0,1x,F4.0,1x),1x,F5.0)
‘ c
d write(9,886) ,sumtos(9),sumtos(8) ,sumtos(7),sumtos(6),sumtos(5),
q $ sumtos(4),sumbtos(3),sumtos(2),sumtos(])
B 886 format (' ',’total’,2x,14,3x,4(13,2x,13,2x))
) c
: 2 EE2 22232232222 2R SR XSRS RS SRS R REEERS RS R IR RS RE RS ER SRS S
4 c sum rotations by year and INITIAL asd group (rotbya), by
‘b ¢ INITIAL asd group (totasd), by initial duty type (gtdut),
4 ¢ and by duty type and initial asd group (asdpct)
. c
)
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Q ¢ Note: asd groups are those assigned by the model, not necessarily

% ¢ the actual asd group (i.e. max modeled asd group is 18).

[ c =
do 51 asdYG=0,18

; do 51 duty=1,4

N do 51 time=1.,5

: rotbya(time,asdyg)=rotbya(time,asdyg) +

s s totrot(time,duty,asdyg)

B totasd(asdyg) =totasd (asdyg) +

} $ totrot(time,duty,asdysg)

o gtdut (duty) =gtdut (duty) +

g $ totrot(time,duty,asdyg)

B asdsum(duty,asdyg) =asdsum(duty,asdyg) +

3 s totrot(time,duty,asdyg)

P 51 continue

\ c

¢ calculate "asdpct® (makeup of initial duty types, by asd group)
» c

do 52 asdyg=0,18

? do 52 duty-1,4

if (gtdut(duty).ne.0.) then

! asdpct (duty,asdyg) —asdsum(duty,asdyg)/

& s gtdut (duty) #100.

) endif

R 52 continue

:' c
v c write "asdpct” statistics to sanity.out

A c

o write(9,882)

. 882 format('1’//,’ DUTY COMPOSITION STATISTICS'/' NOTE: these '

] £ ’'stats represent the situation after the modei'/' has',

) £ ' forced certain duty, ASD, and gate credit combinations’
: $ //' (columns sum ',

K $ 'to 100 percent)'//' ',’ percent of total ',
o $ 'personnel in each duty'/’ ',6l4x,'type that belong to ',
: £ ‘each asd group'//

{ s "asd group fly sup afit pme '/
' - --- < - ~==)
‘ do 74 asdyg=0,18

' write(9,883) asdyg,asdpct(l,asdyg) , asdpct(2,asdyg),

i $ asdpct (3,asdyg) ,asdpet (4,asdyg)

» 74 continue

: W EEEE RS E R SRR EE R R EE R E R EE RS R R E R R R R R R R E R R R RS R RS R R EEEEERES NS E RS

¢ calculate “dutpct® (distribution of each i1nit:ial asd group, by

¢ ¢ duty).
§ c

. do 50 duty-1,4

§ do %0 asdyg=0,18
‘{ if (totasd(asdyg).ne.0) then

dutpct (duty,asdyg) =asdsum(duty ,asdyg)/

! | £ totasd (asdyg) ®¥100.
I end:if
0
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! 50 continue

4,

l:. c

;' wr te (9, 885)

i 885 format{(///' (rows sum to 100 percent)’'//
I ' ',14x,’percent of total personnei in each'/

' ','asd group’' .7x, fly’,7x,'sup’,7x,"'af1t’ ,bx, pme’'/
YNLBUT ) L8, xS0 =) L Tx 40 ) ,6x,3(00-0))

& do 89 1:0,18

write(9,883) 1,dutpct(l,i) , dutpect(2,:) ,dutpct(3,:),

s

' $ ' ',l4x,'asd group that are in each dutytype’'//
]
s

)

s s dutpct(4,1)

1j 89 continue

ij 883 format(' ' ,3x,12,10x,4(F4.0,6x))

4 I ZERZEEEEE R R R R E N R R R R R RE AR R SRS E SRR RS REREEERE RS R NEE]
r ¢ calculate "flypct”, which 1s the makeup of each initial asd year
5‘ ¢ group broken out by flying credit.
4. c
K ¢ Note: breakout of asd groups by flycre values uses the flycre
f ¢ values as assigned by the model, not the actual values.

b c

'. do 73 asdyg=0,18

- do 73 flycre=0,11

_f if (totasd(asdyg).ne.0) then
N flypct (asdyg,flycre) =flytot(asdyg.,flycre)/
™, s totasd(asdyg) #100.

‘5 endif
{ 73 continue

: c

o ¢ write “flypct’ statistics to sanity.out

K-, c
‘™ write(9,888)
'g 888 format (//7/' ' ,'ASD GROUP COMPOSITION STATISTICS'/' NOTE: ',
’ $ 'These numbers are also after the model’'/' has forced ',
k. £ ’certain combinations’'/' (rows sum ',

: $ 'to 100 percent)'//’ ',12x,'% of each asd group by gate ',
o $ 'credit accumulated’'//

" ¥ ' asd group 6 yrs 7 yrs 8 yrs 9 yrs U yrs !l yrs'/
N R e )
.i do 75 asdyg=0,18
M write(9,484) asdyg,flypctlasdyg,6),flypci(asdyg,

) $ 7),flypctlasdyg,B),flypct(asdyg,9),flypct{asdyg,
y $ 10),flypctlasdyg,ll)
1 75 continue
'L 884 format(’ ',4x,12,6x,6(F4.0,3x))

| c
- « calculate rotations-to-date
. o
e do S3 time=1,5
.. do 53 i:1,time
o rotetd(time)=rotetd(time)+gtrotel1)

;. 53 continue

" cl'lIlllllllllll‘lilillllIil!ll*llll!lllllllllilililllillillllil!li
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s ¢ this is just another “angle’ on the same numbers:

- ¢ ‘tinput(time)®' accumulates the total rotations into the network,
L ¢ including “gains’, for a particular time.

) ¢ “totdut(time,duty)’ accumulates the same information, but

5 c broken out by duty type individuals are rotating from.

" c
N do 54 time=1,5

Q tinput{time)=gains(time)
B do 54 duty=1,4

}. do 54 asdyg=0,18

L tinput{(time)=tinput(time) +

$ s totrot (time,duty,asdyg)

<: totdut (time,duty) =totdut(time, duty)+

4 $ totrot(time,duty,asdyg)
¢ 54 continue
“ 232222222 EZ RSS2 2RSSR SRR RN R RSEXEXRR SRR R
w c calculate losses due to attrition for each asd group and year.
I c Attrition of UFT gains is assumed to be

i ¢ negligible. Attrition of FAIP/other gains 1is calculated

:? ¢ separately (below). Also, attrition of the initial (year 1)
»é ¢ 18 year asd group is done separately (below).

v (o]

: ¢ cumulative attrition for each year based on current

. c (attained) asd group

: c

s do 55 time=1,5

’ do 55 asdyg=0,18
oldasd=asdyg+l-time

‘3 if (oldasd.1lt.0) oldasd=0
B catrit(time,asdyg) =ANINT (totasd(oldasd)*

Q $ (1-ccrasd(time,asdyg)))

h 55 continue

- c
“y c yearly attrition values (non-cumulative). These are calculated
ﬂ ¢ “round-about’ by subtiracting cumulative attrition vaiues.

‘.,! o - .

¢ do 57 time=1],5

¢ do $7 asdyg-1,18

"] atrit(time,asdyg)-catrit(time,asdyg) -

: s catrit(time-],asdyg-1)

. 57 continue
o CRERRERR AR RN RN R N NN R R RN R R RN R R R R R R RN R R RN RN R RN RN NN R RN R KR RN
i ¢ asd group 18 attrition must also include groups that entered
4 ¢ the 18+ group in past years. For year 3, this i1ncludes

[ | ¢ individuals from the original asd group 17; for year 4, this

¢ includes original asd groups 16 & 17; for year 5, this

: ¢ includes original asd groups 15, 16, & !7.

: o
" do 170 time=3,5

. c atrit(time,18)=ANINT(atrit(time,|8)-catrit(time-1i,18))

4 c catrit(time, 18)=ANINT (catrit(time, 18)-
;Q o s catrit(time-1,18))
,
b !
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do 170 oldasd-18-time+2, 17
atrit(time,18)=ANINT(atrit(time,18) +totasd(oldasd) *

3 (1l ccrasd(time,}8)))
catrit(time,18)=ANINT(catrit(time,18)+totasd(oldasd)*
L ] (l-ccrasd(time,18)))

170 continue
CHRRRE NN RN E RN R R R R RN R RN RN PR NN R RN NN R RN RENER

c asd group 14 attrition must also include attrition of those who

¢ started in year group 18 (and above). Due to the method used
¢ to calculate attritions, these individuals have been “ignored’
c thus far.
c
do 58 time=1,5
catri8{time) =ANINT (totasd(18)*(l-ccrl8(time)))
58 continue

¢
do 59 time=1,5
aatrl8(time)=catri(time)-catrl8(time-1)
59 continue
CRERERERRERA R R R NN RN N R R AR R RN RN R RN NN R RN RN R RN E R AR R NN RN

¢ calculate attrition for faip gains

c
do 60 time=1,5
ccerfa(time,4)=1.0
60 continue
(o]
do 6] time=2.,5
do 61 newasd=5,4+time-1
cerfa(time,newasd)=1.0
do 6] oldasd=5,newasd
i-newasd-oldasd
cerfaltime,newasd) =ccrfa(time,newasd) #
$ conasd(time-i,oldasd)
61 continue
C
do 62 time=2,5
do 62 asdyg-5,4ttime-1l
catrfa(time,asdyg) =ANINT((l-ccrfa(time,asdyg))
L § * faip(time+4-asdyg))
62 continue
(o)
do 64 time=2,5
do 64 asdyg-5,4ttime-1!
atrfa(time,asdyg)= catrfa(time,asdyg) -
s catrfal(time-1,asdyg-1)
64 continue

CHE R AR R R R R R E R AR R RN R R R R R E N R E RN RN RN A RN NN N RN R RN NN
c total attrition for each time period and asd group
c
do 65 time=1,5
do 85 asdyg-l,id
atrflo(time,asdyg)=atrit(time,asdyg)
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65 continue

do 66 time=1,5
atrflo(time,18)=atrflo(time,18)+aatri8(time)
66 continue

do 67 time=2,5
do 67 asdyg=5,4+time-1
atrflo(time,asdyg)-atrflo(time, asdyg) +
s atrfa(time,asdyg)
67 continue
CHERBRERERERE RN RN R RN R R R RN RN RN RN RN RN RN RN A RN RN RN RN RD RN
¢ Calculate attrition values by duty,asd group,flycre combos.

¢ These are the negative external flows assigned to the appropriate
¢ network nodes.
¢ MODEL ASSUMPTION: Attrition 1s negligible for asd groups LT 6.
c
do 174 time=1,5
do 174 duty=1,2
do 174 asdyg=6,18
if (asdyg.gt.l1l) then
maxfly=11
else
maxfly-asdyg
endif
do 174 flycre=6,maxfly
makeup= (dutmak (duty,asdyg)/100.) »
| (flymak (asdyg,flycre)/100.)
c
c prevent attrition from being demanded from °“impossible’
c fly nodes (flycre values lower than is possible)
c
if (flycre.le.dutdur(l)+6) then
if (duty.eq.l) makeup=0.
if (duty.eq.2) makeup=flymak(asdyg,
3 flycre)/100.
endif
c
c prevent attrition from being demanded from "impossible’
¢ nonfly nodes (flycre values greater than 1s possible)
c
if {flycre.gt.asdyg-dutdur{2)) then
if (duty.eq.l) makeup=flymak(asdyg,
H flycre)/100.
if (duty.eq.2) makeup=0.
endif
c
atr(time,duty,asdyg,flycre) - ANINT(
 § makeup®atrflo{time,asdyg)) +
s CHANGE (TIME,DUTY,ASDyg ,FLYcre)

totout-=totout+atr(time,duty,asdyg,flycre)
totatr{(time) -totatr(time)+atr(time,duty,

133

am u-.u{‘

- ‘(.F.. oA AP I N Y
0.".,,“,“. u‘lA te. el .'. A Ta%h ! '( '( S ". Y W

-, .('..'._.f‘
oot,'i , \"\\'

X
‘lobzlvl

~.\-,_.\.\-\..,:,(_\\\

Uhd a0 a0




- .
- - e

l
'
!

‘.."“!i' :,iwqitb 534

$ asdyg,flycre)
174 continue
o

¢ attrition to date
c
do 69 time=1,5
do 69 i=1,ti1me
atrtd(time)=atrtd(time)+totatr(a)

69 continue
2R XS E R R R R R R X R S R E R R E R E R E SRR 22 SR 2 R RSS2 R RS RS SR RS SR RS E R R 8 ]

aQ 7

c
c

¢ Sum all personnel that are projected to be in the system for
c each time period (rotations to date + gains to date -

c cumulative attrition to date

c

do 70 time=1,5
totflo(time)=rotetd(time) +gaintd(time)-atrtd(time)

70 continue
c
R XX RZR X RS ERZE RS SRR EEEEESEEER AR RER SRR RS R RS R RSS2SR X
¢ Calculate minimum undermanned requirement (reqund) and
maximum overmanned requirement (reqove) for each duty type and
time period, based on input requirements (rqmt) and tolerances
(pctund and pctove).

00 o0a

do 71 time=1,5
do 71 duty=1,4
reqgove(time,duty) =ANINT (rqmt (time, duty)
$ (1.0+pctove(time,duty)/100.0))
reqund (time,duty) =ANINT (rqmt (time,duty)
$ {1.0-pctund{time,duty)/100.0})
continue

—

calculate the number of individuals that are already in the MWS
but their first rotation “into the network’® is scheduled
downstream. These individuals are

filling manning positions, but the network doesn't know about
them ‘yet”. Values of "adjust(time)’ are used to adjust

side constraint manning requirements.

ganNn o aaa <}

N

do 72 time=1,5
do 72 duty=1,4
do 72 i=time+l,5
do 72 asdyg=0,18
adjust(time,duty)=zadjust(time,duty)+
] totrot {i,duty,asdyg)
72 continue

¢ Adjusted min/max manning level is undermanned/overmanned
¢ requirement minus downstream rotations (people filling
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¢ positions but not yet in the network model).
c
do 171 time=1,5
do 171 duty=!,4
adjund(time,duty)=reqund(time,duty) -
] adjust{time,duty)
adjove(time,duty) =reqove(time,duty) -
s adjust(time,duty)
continue

~
—

calculate total under-/over-manned requirements for each
time period.

Sum adjusted requirements across duty types to obtain total
undermanned/overmanned requirements for each time period
(tadjun/tadjov).

T a0000a0n06

do 172 time=1,5
do 172 duty=1,4
tadjovitime)=tadjov(time)+adjove(time,duly)
tadjun(time)=tadjun(time) +adjund (time,duty)
172 continue
c
¢ Numbers for sanity file output
c
do 173 time=1,5
do 173 duty=1,4
totund(time)=totund(time) +reqund(time,duty)
totove{time)-totove(time) +reqove(time,duty)
totadj(time) =totadj(time)+adjust(time,duty)
173 continue
CHRERREE RN R AR AR R R R R R R RN E RN R KRR NN RN RN NN RN NN KRR R RN AR
¢ output numbers to ‘sanity.sal’ data file for verification checks.
c
CRERERERERER RN R R R AR R R R R R RN R RN R R RN R RN R R R NN N NR R NN RN R RN

¢ totrot values

-
write (9,900) fy(l),fy(2),1y(3),fy(4),fy(5)

900  format ('1', YEAR:',10x,5([4,7x)/17x 50 =------ 'L, 4x)

C

write (9,970)
970 format (' °,'TOTAL ROTATIONS'/' ’,'grouped by “from™ ',
8 ‘'duty and "initial® asd group')

c
¢ 1=from duty, j=initial asd group
c
do 79 i=1,4
write(9,856)
do 79 j=0,18
write(9,908) i,),totrot(l,1,3),totrot(d,1,;),
3 totrot(3,1,3),votrot{d,:,,) ,totrotiv,1,))
79 cont inue
135
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a56 format (' ', ")

908 format. (' ', 'DUTY',i2,'; ASD',13,4x,5(Fb.0,%x))

o 2 EE R EEE R R R R XS R R R R R RS R R R RN B DR RS R R AR R R R E XS R RS RRN NN ER)

C ROTATIONS THAT HAVE ALREADY rAILED TO MEET THEIR GATES

C
WRITE(9,940) FY(1),FY(2) ,FY(3),FY(4) FY(3)

940 FORMAT (/7' ', ROTATIONS THAT HAVE MISSED THEIK GATES'
3 //' YEAR:',10X,5(14,7X)/" ', 17X, 5(' ------~- ',4X)/)
WRITE(9,902) '1ST GATE',FAILG! (1) ,FAILG](2) ,FAILGL (3},
€ FAILGl(4) ,FAILG1(5)
WRITE(9,902) '2ND GATE' ,FAILG2(1) ,FAILG2(2),FAILG2(Y),
$ FAILG2(4) ,FAILG2(5)
WRITE(9,902) '3RD GATE' ,FAILG3(1) ,FAILG3(2) ,FAILG3(3),
$ FAILG3(4) ,FAILG3(5)

902 FORMAYT (' ' ,AB,10X,5(14,7X))

¢

W ZEEE X RS E RS SRS R E RS R R R RS R R R RS E RS SRR RS EEEE RN R EE

¢ avallable personnel

C
write (9,900) fy(l),fy(2),1fy(3),fy(4),{y(5)
C
write (9,903)
903 format (' ', "AVAILABLES'/' ',10{'-")/7"' ' ,'GAINS'/)
(94

write (9,905) uft(l),uft(2),uft(3),uft(4) ,uft(5)
90% format (' ','UFT GAINS:',5x,5(I5,6x))

write (9,906) faip(}),faip(2),faip(3),faip(4),faip(h)
906 format (' ','FAIP GAINS:' 4x,5([5,6x))

write (9,907) gains(l),gains(2),gains(3),gains(4),gains(5)
vo7 format (' ' ,'TOTAL GAINS:',6 3x,5(F6.0,5x))

write (9,935) gaintd(l),gaintd(2),gaintd(3),
§ gaintd(4),gaintd(5)
935 format (° ', GAINS TO DATE: ' ,5(F6.0,%x)/)

write (9,912)
912 format (' ', ROTATIONS'/)

(o)
do 80 duty=1,4
write(9,910) duty,totdut(l,duty),
s totdut (2,duty) ,totdut (3,duty),
$ totdut (4,duty) ,votdut (5,duty)
80 continue
910 format (' ', 'DUTY LI, 4x,5(F6.0,5x))

write{9,934) gtrote(l),gtrotel2) gtrote(3),
& gtrote(4) ,gtrotel(’)
934 format (° ' ,'TOTAL ROTES:' , 3x,5(F6.0,5x))

writel(9 936) rotetd(1l),rotetd(2) . retetatd),
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$ ro%tetd(4d) rotetd(d)
936 format (' ', 'ROTES 'TOC DATL:' S(F7.0,4x)/7/)
o)
write(9,913) totatrti),totatr(sd),votatrtd},
$ totatri4) , totatr(b)
913 format (' ' "APTRITION: ,5x,5(Ft6.0,0x})}

write(9,939) atred(l) ,atrtdil) atrici(d),
$ atrtd{4) atred(5)
939 format (' ', "ATRIT TO DATE: ' ,5(¥6.0,5x})//)
write(9,918) totflo(i},tolflo(2),votilotdi,woLtiotss,
$ totflolY)
915 format (' ' ,'TOT AVAILABLE: ' ,5(F6.0,5x}/)

write(9,916)
9186 format (' ','tot available = gains to date *+ rotavions
£ 'to date - attrition to date'///)
CRHERHRERREEERREENEREEREREEREREENEREERRARRARRERRERRAERERERREARR

¢ requirements

o)
write(9,901) fy(l),fy(2),fy(3),.fy(4), fyt(5)

90 ] format (///' YEAR:', lux,5(14,7x)/17x,%{( " ~------ 'L4x))

c

write(9,917)
917 format (' ', 'REQUIREMENTS'/' ', 12¢('-")//" ',
$ "BASELINE REQUIREMENTS (from R.M.D.)'/)

c
do B8) duty=1],4
write(9,910) duty,rqmt(],duty),rqmt(2,duty),
H rqmt (3, duty) ,rqmt (4 ,duty) ,rgmt(5,duty)
81 continue
(o

write(9,919) totreq(l),totreqll),totreqtd),totreqtdl,
$ totreq(5)
919 format (' ','TOTAL RQMTS: ' ,3x,5tF6.0,5x))

write(9,920)
920 format (' /' °,'UNDERMANNED (MIN} REQUIREMENTS'/)

c
do 82 duty=1.,4
writel{9 910) duty,requndii,duty),
s reqund (2 ,duty) ,reqund(3,duty),
] reqund (4 ,duty) . reqund (5,duty!
82 continue
~

write (9,43]1) “otundli),totund(2),totund(d),
z totundi{4),totundib)
9131 format !’ *,'7VOTAL UNDER: ' ,3x,5(Fb6.v,5x))

wpite (G 02])
921 format, ' /" " "UVEXMANNED (MAX) RrEQUIREMENTS'/)
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do 83 duty-1,4
write(9,910) duty,reqovell,duty),

1 $ reqove(2,duty) ,reqove(3,duty),
’ $ reqove (4,duty) ,reqove(5,duty)
. 83 continue

c

'y

write(9,932) totove(l) , totove(2),totove(l),totoveld),

-

N $ totovel(b)

\ 932 format (' ', TOTAL OVER:’ ,4x,5(Fb6.0,5x))

: c

3 writet9,918)

a 918 format (° '/’ ', 'ADJUSTMENT (FUTURE ROTATIONS)'/)
i) c

B do 84 duty=1.4

Kl write (9,910) duty,adjust(l,duty),
’ $ adjust(2,duty) ,adjust(3,duty),

N $ adjust(4,duty) ,adjust(5,duty)

) 84 continue

' c

)

y write(9,933) totadj(l),totad;(2),totadj(3),

N $ totad)(4), totad)(5)

q 933 format (' ', TOTAL ADJUST:’,2x,5(F6.0,5x))

. c

! write(9,890)

890 format(’ '/’ ADJUSTED UNDERMANNED REQUIREMENTS'/
$ ' (undermanned rqmts reduced for downstream rotations)'/)
' c
’ do 177 duty-=1,4
write(9,910) duty,adjund(1,duty) ,adjund
s (2,duty) ,adjund (3,duty) ,adjund (4,duty) ,

; $ adjund (5,duty)

] 177 continue

N c

. write(9,891)

o 891 format (' '/’ ADJUSTED OVERMANNED REQUIREMENTS'/
Y $ ' (overmanned rqmts reduced for downstream rotations)’'/)
N o

b} do 178 duty=1,4

write(9,910) duty,adjove(l,duty),adjove(2,
q s duty) ,adjove(3,duty) ,adjove(4,duty),
s adjove(5,duty)
178 continue

-

o

k write(9,922)

: 922 format (' '/’ ', 'ADJUSTED TOTAL REQULREMENTS'/
" $ ' ','(Requirements rednced for downstream rotations)'/)
r, c

ﬁ write(9,923) tadjun(l), tadyun(2),tadyunty),

" 3 tad;un(4),tadsun(b)

X 923 format (' °, UNDERMANNED:' K 3x,5(F6.0,5x))

& [of

write(9,876) totreqi{i)-totadiil),totreq(2)-totad)(2),
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" $ totreq(d)-totad) (3),totreq(4)-totad;(4),
;:: $ totreq(S)-totad)(5)
?r; 876 format (' ', BASELINE:',6x,5(F6.0,5x))
c
Aol wri1te(9,924) tadjov(l),tadjov(2),tadjov(d),
:P $ tadjcvid)  tadjovih)
W 924  “ormat (' ' ,’OVERMANNED:' ,4x,5(Fb6.0,5x))
0 c
P
" write(9,925)
) 925 format (° '/’ ','tot available corresponds to the',
f(? $ ' flows in the network'/
) $ ' for each year and should fall between undermanned '/
ﬁa $ ' and overmanned adjusted total requirements.’)
'.' [ 22 EEE R EE S RS R E R R R E S SR R R R R R R E R R S R R R RS R R RN R RSN NSRS RS REEER Y
O ¢ write attrition info to sanity.out
! c
:ﬁ’ write(9,830)
~) 830  format ('1','ATTRITION'//
31 $' asd gate year | year 2 year 3 year 4 year 5'/
ﬁ- $' group time fly sup fly sup fly sup fly sup fly sup'/
5‘.. $' ----- - - - - === == ~-== - T halidind '—")
°® do 175 asdyg=6,18
Ay 1f (asdyg.gt.ll) then
" -
1Y) maxfly=-11!
", else
o maxfly-asdyg
, endif
! do 175 flycre=6,max{ly
g write(9,831) asdyg,flycre,atr(]l,1,asdyg,
,: $ flycre),atr(l,2,asdyg,flycre) , atr(2,1,asdyg,
';\ $ flycre),atr(2,2,asdyg,flycre) ,atr(3,1,asdyg,
$ flycre),atr(3,2,asdyg,flycre) ,atr(4,1,asdyg,
et ¢ flycre),atr(4,2,asdyg,{lycre) , atr(5,1,asdyg,
:) $ flycre) ., atr(5,2,asdyg,flycre)

831 format (' ',I15,16,3x,5(F4.0,FK4.0,1x))
175 continue

g

N
NN close (9)
',-l 2222 R R EE R EEE R E R R E R EE R E R EEE R E R EE SRS R EE RS R E SN EEREEREE SRS N ERERY ¥
J% ¢ print 1nfo to screen
o e
.r. 1] 1]
A print &,
A print # ’ year',’ tower bound "
;@ $ ’‘availabie ", "upper bound'
:_- print, ¥ ' - cem e m e ",
Wy & v _ 'p ____________ '
LA .
?\ do H86 time=1},%
;ﬂ print ® time,tadjun(time), totflo(time),tadjov.time)
b 86 continue
i i
‘ .
: do 87 time-1{,5
Wy 1f (tadjunttime) .GT . tottlo(time)) then
%)
'
)
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print #,
print * 'insufficlent personnel availabie 1n year ',time
print *, 'make one of the following adjusiments:’
print l,' decrease manning requirements’
print »,°' 1ncrease undermanning tolerances’
print #,°' 1ncrease UFT, FAIP/other gains'’
print ®,’ decrease attrition rates’
flag-1

endif

if (tadjov(time) . LT.totflo(time)) then
print l,' '
print *,’'excessive personnel available in year ',time
print *, make one of the following adjustments:’
print »*, 1ncrease manning requirements’
print ¥, increase overmanning tolerances'’
print I.' decrease UFT, FAIP/other gains'
print #®, increase attrition rates’
flag=1

endif

87 continue

(2 EXE R R EEZ X R RS XE SRR RS EEEEE RS R EE S S EESSER SRS SRR RS EREENEE IR EE SR £
¢ abort execution i1{ sanity checks are not passed
c
if (flag.EQ.1) then
print *, ' '
print *,'execution aborted’
stop
else
print =, '
print *,’'sanity checks passed....building datafiles’
end1f

(4

coooceeocecegceoeecceoeccecececececcooecceceocceoeeceececececeececceeeeccecceccceececcece
A AEEESEZZE RS R RS RRE SRR RS R RS RN R EEEEENREE SRS EEES NSRS RERERE R R R
322 EREEZEEERRZEE SRR SRR RS R RSN EE RS R SRR REEEESES AR ER SRR RS R

cc cc
cc SECTION V cc
cc cc
cc ASSIGN NODE NUMBERS AND EXTERNAL KFLOWS; cc
cc WRITE TO NETSID DATA FILE | ce
cc ce

W AEEEEEEEE SRR R AR R ER R R R EE SRR R RN RS RS EE RS RS SRR EREEERRE SRR ENERERR RSN

loop to assign successive node numbers to all modeled combinations
of time, duty, asd group, and flycre and write node numbers/
external flows to data file 1.

70 93 00

open (unit=6,f1le="FOROOIi.dat'  ,status="new')
nodnum=0

do 90 time-i,5

W r o -

> b R, "m0y
X ‘ }
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do 90 duty-1,4
do 90 asdyg=0,18

c
if (asdyg.LT.6) then
minfly=asdyg
else
minfly=6
endif
c
if (asdyg.GT.1l1) then
maxfly=il
else
maxf{ly=-asdyg
endif
c
do 90 flycre=minfiy,maxfly
extflo=0
flagl=0
c
¢ asd groups LT 6 years can only be in flying jobs (model constraint)
c
if (duty.NE.l.AND.asdyg.LY.6) flagl=1
c
¢ asd groups GT 13 years can not be in AFIT (model constraint)
o
if (duty.EQ.3.AND.asdyg.GT.13) flagl=1
c
¢ PME/ASTRA is only available to asd groups 7-8 (astra)l,
c 13-15 (iss), and 18 + (sss). These are end-of-tour ASD
¢ values. (model constraint)
c
1f (duty.eq.4) then
1f (asdyg .LT.7) flagl=1l
if (asdyg.GT.8.AND.asdyg.LT.13) flagl=l
if lasdyg.GT.15.AND.asdyg.LT.18) flagl=1
endi f
c
if (flagi.NE.1) then
nodnum=nodnum+ 1
node(time,duty,asdyg,flycre,0) =nodnum
extflo=node(time duty,asdyg,flycre,i)
8 - ATR(TIME,DUTY,ASDyg,FLYcre)
endif
c
i{ lextflo.Nt.0.) then
write (6,400) nodnum,extflo
endif
400 format (' ' ,1b,Fi0.2)
C
90 continue

~

maxnod=nocdnum
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print %, 'total nodes - ',maxnod+H
A E R R R R R RS R RS E S R RS S E R R R E R R E N EE SRS SR XXX NN EE SRS NSRS EEERE R A B
¢ write the negative external flow at the end of the network
¢ ‘'gink’ node to data file l. kxternal flow at this node equais
¢ -{inflows - outflows), where inflows = “totin® - gains +
¢ rotations into the network, and outflows = “totout®™ = attrition.

o
totin=rotetd(5)+gaintd (£}

print *,' total flows into network = ',totin

print *,' total attrition out of network = ', totout
write (6,400) maxnod+5, -(totin-totout)

print *,’' end-of-network sink = ' ,-(totin-totout)

I

c Note: the 5 end-of-network nodes are not stored in array “node’

(S EZZEEZEEEEEZ SRR R ZES R EEEEE R RS R DRSS EEE R R RS E R RSN S RS EE RN EEREEFEERRE N |
close (6)

c

CCCCOCCCCaCCCCCCCaCCCCerCCaCcCCCCCCCCCCecececeecceccecceceeccececececceccecee

R RS XX R EESSRES SR RS RS R R RN R R R RS RS ESEEE NS SE RS EE SRS RN SRS ESEEREERESRE ]

i 2222 XX EEE R E R E AR R R SRR S R RS E R R RS R R R R EEE SRR SRR EEZERSEREEREE X

cc cc
ce SECTION VI cc
cc cc
cc ASSIGN ARC NUMBERS, ARC COSTS, AND ARC BOUNDS; cc
ce WRITE TO DATA FILE 2; cc
cc WRITE BEGIN NODE, KEND NODE, AND ARC NUMBERS TO NODEARC.OUT FILE cc
o cc
CCCCCCCCCCCCOCCCCCCCCOOCCCCCCCCCCCCCCCCCCCoecccooeeceececcceceecccecceccee
c

¢ NOTE: the rows in FILE 2 must be ordered by arc number.

C

o2 222X XX RZ SRS ERERE SRR ERE RS EE R RS EE R L R EEE RN EZE R R R RS RS NSEREEEEEEEE RS XN
(84

¢ loop to calculate combinations of beginning and ending nodes and
¢ assign corresponding arc numbers
[94

open (unit=7,file='FOR00Z2.dat',status="new')
open {unit=8,f1le="nodearc.out’',status="new')

c
write (8,500)
500 format (' ',' begin’',l17x,' end',19x,’ arc’)
write (8,510)
510 format (' ',' node time duty asd fly’,
¥ ' node tLime duty asd fly',3x, num cost bound’/)
c
arcnum=0

CREXBAFEE IR ERER AR RN RN R NN RN R RN NN RN R ERE R A RN EE RN AR ERRE AR AR RN
do 110 enddut=1,4

«

c
¢ Record max arc number for each end duly type.
c

s

maxarc(enddut-l)=arcnum

Lo

-
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)
W

B
R
kv c
. do 110 time-1,5
K do 110 duty=1,4
c
- ¢ AFIT can only rotate to SUP
N c
Y if (duty.eq.3.and.enddut.ne.2) goto 11!
c
iv’h .
‘\ ¢ PME cannot rotate to PME
. c
)0 1f (duty.eq.4.and.enddut.eq.4) goto 111
> c
o do 110 asdyg=0,18
B C
!:'_ c DO NOT ALLOW ASD GROUPS .LT. 6 T0O ROTArE INTO NONFLY DUTIES.
( C THIS IS ALREADY ACCOMPLISHED FOR YEARS 1-%5 BY STRUCTURAL
WS C CONSTRAINTS: THE CORRESPONDING NODES SIMPLY DO NOT EXIST.
'5'. C HOWEVER, THIS IS NOT THE CASE FOR THE END-OF-NETWORK
't C NODES/ARCS.
i.. C
W IF (ENDDUT.NE.1.AND.ASDyg.LT.6) GOTO 111
[ ) c
N, if (asdyg.LT.6) then
) minfly=asdyg
3 else
» ; -
3} minfly=6
% endif
! -
.|;.. if tasdyg.GT.11) then
i maxfly:11
o else
Y maxfly=asdyg
:‘Oj endif
o ¢ Al! duty assignments for ASD group I8 are given a duration of
Wy ¢ 1 year. This was necessary because of the large number of
N ¢ attritions ou* of this ASD year group (due, in part, to 20-
Ry c year retirements).
Y\ c
dur = dutdur(enddut)
Ko 1{ {asdyg.eq.18) dur = |
2
.‘:{ do 1]0 flycre=minfly,maxtiy
e c
L c Any node assigned a nonzero node number (1n prev:ious do-ioop)
' c 13 examined as A possibdbie beginning node.
va,‘ ¢ For those that lead to pogsible (nonzero) end nodes
(‘ ¢ wvia assignment arcs, arc numbers and corresponding end nodes are
.\) ¢ calculated and written to data file 2.
s c
o begnod-nodel{time, duty,asdyg,{iycre, (i,
c
o
ALY
4:)‘-
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£yl
s
' 3§ ¢ must i1nsure only nonzero beginning nodes are ass:igned arcs
5 :
yﬁ; 1{ {(begnod.ne.0} then
v c

r; c calculate asd group at end of assignment

o ¢

N 1f (asdygt+dur.GT.18) then

T NEWasd-18

» else

Y NEWasd- asdyg+dur

X endif
.
'ﬁﬁ c calculate flycre at end of assigment

o{ ¢

e 1f (enddut.EQ.1) then
( 1f (flycretdur.Gl.11) then

"N NEWfly=11

s j else
“ NEWfly-flycre+dur
$ end1f
i else

) NEWfly=flycre
N endif
¥ 5 [ag
::: ¢ any assignments that would terminate beyond the time horizon
‘:; ¢ of the model are routed to node maxnod + end duty
i c
f endtim=ti1me+dur
s if (endtim.GT.5) then
o if (enddut.eq.3.and.newasd.gt.13) goto 111
.if 1f tenddut.eq.4) then
;ﬂq 1f(newasd.jt.7) goto 111!
if(newasd.gt.8.and.newasd.lt.13) goto 111
i) if(newasd.gt.15.and.newasd.lt.18) goto 111
f; endif
' endnod=maxnod tenddut
: . else
\ endnod=node(endti1m,enddut ,NEWasd ,NEWfly, 0}

wy end. f

| ] e
}v ¢ arc numbers are assigned sequentialiy to begin node/end node
) . ~ combinations where the end node 15 nonzero--that is, it “exists’
g ¢ in the network model and not just 1n the node array.
:sb’ ¢ Record arc begin and end node information in array ‘arc’. Note
—~ ¢ that array arc holds projected end-tour information even if
2% ¢ the assignment theoretically ends beyond the time horizon of the
7:; ¢ network.

) c

3 if (endnod.NE.0) then
‘:2 arcnum=arcnumt !

7, arcfarcnum, ])=begnod
i arc(arenum,?) -endnod
l.:
2!
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%8
¢
N arc{arcnum,5)=time
> arc(arcnum,6) zerndtim
b arc(arcnum,7) casdyg
e arc(arcnum,8) rnewasd
% ARC (ARCNUM, 9) =FLYcre
4 ARC (ARCNUM, 10) = NEWFLY
D> c assign arc costs
l'r
o <
v ¢ arc costs need to be ordered high-to-low, since the first time
ca ¢ the if-then is satisfied, the associated cost i1s assigned and
ﬁu ¢ no other rqmts/policies/goals are examined. (HIGH-TO-LOW
y C ORDERING IS NOT NECESSARY [F ONLY ONE OF THE COSTS APPLIES
gg C TO EACH ARC.) This way, the
X ¢ highest cost applicable is assigned tv each arc. However,
{ ¢ zero-costs can be interspersed with positive cost values.
vy ¢ Any assignments made during the S5-year time horizon that
:{ ¢ result in non-attainment of gate requirements or goals by the
b c end of that assignment (even though the assignment ends beyond
az ¢ the model time horizon) will contribute to objective function
.ﬁ ¢ costs. However, it iz conceivable that some non-fiying
o c assignments (with zero cost assigned by the model) ending
iy ¢ beyond the time horizon could cause a person Lo reach an
B ¢ asd group/flycre position from which he/she eventually
' ¢ cannot attain a gate requirement or goal, even if subsequently
%: c assigned to a flying duty. Incremental gate goals, with
2 c associated costs, can help insure downstream non-attainment
§_ ¢ of requirements and goals are reflected in objeclive function
fﬁ' ¢ costs (and, therefore, optimal solution).
g c
B arcost=0
4¢ ol
-t i-1
) continue
-~ 1f (cost(j).eq.0) then
e, IF (J.LT.GOALS) THEN
i
P i=3+l
: goto 112
VL ELSE
- GOTO 114
o ENDIF
) endif
N (o4
K o
o if (NEWasd.GE.asd(j).AND.NEWfly.LT.
[J .
z fly(j)) then
. arcost = cost{j)
My goto 114
‘g else
e 1f (J.LT.goals) then
a..' J:J#l
goto 112
« endif
3
A
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endil
114 continue
arc{arcnum,Jd) arcost

~
¢ assign arc bounds
¢ wx#¥ arcs are all unbounded ¥xux
o]
arclarcnum,4)=-1
C
c convert bound and cost values Lo real numbers f{or output to
c NETSTD data file.
c
rbound=arclarcnum,4)
rcost=zarc(arcnum,3)
o
write (7,571) arcnum,begnod,endnod,
E 3 rbound,rcost
57 format (' ',15,2(6,2F10.2)
c
c
write (8,560) begnod,time,duty,asdyg,
$ flycre,endnod,endtim, enddut,newasd,newfly,
$ arcnum,arcosti,rbound
560 format (' ',2(16,15,15,I4,14),16,15,2x,F5.1)
c
endif
endif
111 continue
c
110 continue

(3 EZEZE 2SR R R E S R EEEEE RS R E R R R R S R E R SN R R R D R R EE R R R R R X RS X R EEREZEEERE R R
¢ Record max arc number for last end duty
c
maxarc(enddut-1) rarcnum
CHERETFRHREH RN E I %% %K 33 3 03 04 X 30 03 3 3 % 06 3 2 20 % 3 3 3 063 3 2 3 3% 4 ) 3 03 %
¢ Arcs to End-of-network Sink node
o~
arcnum=maxarc (4)
do 118 i=1,4
arcnum=arcnum+1
write(7,57]) arcnum,maxnod+1,maxnod+S5,-1.0,0.
write(8,560) maxnod+i,98,:1,0,0,maxnod+%,89,0,0,0,
3 arcnum,0,-1.0

118 continue
2 X2 2R E R R R R R 2SS R R E R R R R R R R R E R R B R R EZ R N E SR EREREAEERE R A X & !

I
do 117 1=1,4
print * ‘'max arc number for enddut ’,1,’ 18 ',maxarcii)}
117 continue
o
print #, 'total arcs - ', maxarc(4)+4

XA EEERREEE SR SRR AR R R R R R R N R R RN E R R RS R SRR SR S EERDEFRERERER SRR ENEN NN
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close (7)
close (8)
c

ccecececeecceccecececeecceecececececeecceccececeeoccceceeccceecceececeecccecececececcececeecceceecccecec
S EEEEEERE R SRR EE SRR RS AR R RS R EREREEEE RS SRR RS EREEEEESSARESS RS RN Y
A ZR2EEE RS2 SRR R R R E AR EES R DR EEEEEEEEE SRR EE SRR SESEREAR AR S S

cc

cc SECTION VII

cec

ce ASSIGN CONSTRAINT NUMBERS TO MANNING REQUIREMENTS
cc AND EXPERIENCE LEVEL REQUIREMENTS;

cc WRITE TO DATA FILE 4

cC

cc
cc
cC
cc
cc
cc
ce

cceoceecceceecceeoecceceeeccecececeeceeccceceececececeecececcceceeccceeecceccececec

o
¢ NOTE: the rows in FILE 4 can be in any order.
c

WX R EEEEEE R R RS RS NN RS ES SRR RS R SRS SR SR SRS SRR ER DR NEEEREEERERE RS

C
open{unit=9,f1le="FOR004.dat’ ,status="new')
2 222322 2R X222 2 E XS R R R EEEEE RS E SRR SRR R RS SRS S SRR SRR R 2
C MANNING LEVEL CONSTRAINTS (FYDF REQUIREMENTS ADJUSTED FKFOR
C THE UNDER/OVER MANN!IN(G TOLERANCE

c
constn=0
do 130 time=1,5
do 130 duty-=1,4
do 130 ctype=0,1i
c
¢ ctype=0 is a less-than constraint
¢ ctype=! 1s a greater-than constraint
c
constn=constntl
constritime,duty,ctype)-constn
if (ctype.EQ.0) then
ctypeC="L"
rhs=adjove{(time,duty)
endif
if (ctype.EQ.1l) then
ctypeC='G’
rhs=adjund(time,duty)
endif
write (9,600) constn,rhs,ctypeC
600 format (' ',15,F10.2,A1)
130 continue

XX EEEXE XX SRR R SRR R Z RS R R R E RS R E R R R RS EE RS SRR RESEEEERXEEE RN R X |
¢ Constraints for ASTRA,ISS5,SSS
c
do 132 time=1,5
do !32 pmetyp=1,3
do 13¢% ctype 0,1
constn = constn + |
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pmecon(time,pmetyp,ctype) = constin
if (ctype.eq.0) then

ctypec = 'L’

if (pmetyp.eq.!) rhs = ANINT(ASTRA(time)#
$ (l.+pctove(time,4)/100.))

if (pmetyp.eq.2) rhs = ANINT(ISS(time)
8 (1. +pctovel(time,4)/100.))

if (pmetyp.eq.3) rhs = ANINT(5SS(time)*
$ (l.+pctovel(time,4)/100.))

endif

1f (ctype.eq.l) then

ctypec = 'G’

1f (pmetyp.eq.l) rhs = ANINT(ASTRA(time)
$ (L.-pctund(time,4)/100.))

if (pmetyp.eq.2) rhs = ANINT(ISS(timec)®
$ (l.-pctund(time,4)/100.))

if (pmetyp.eq.3) rhs = ANINT(SSS(time)®
$ (l1.-pctund(time,4)/100.))

endif

write (9,600) constn,rhs,ctypec
132 continue
c
CRERERERRRENN R R R R RN NN N RN RN R NN NN R AR R RN R RN RN NN
¢ Experience level constraints.
c
do 131 time=1,5
do 131 i=1,expreq
constn=constn+l
expcon(i,time)=constn
if (exptypli).eq.0) then
ctypec='L’
else
if (exptyp(i).eq.l} then
ctypec='G’
endif
endif
rhs = ANINT (exppct(1)/100.* (rgmt(time,expdut(i))-
L adjust(time,expdut(i)))}
write(9,600) constn,rhs,ctypec
1351 continue
c
close (9)
C
CCCCCOCCaCCOCCECCCCCCCCCCRCCCCCCCCCCCCCCCCCCOCCCCCCUCClLerCceecerercceac
r_‘!liIllll!lllllllilllll’lllil!lllll!'llill*llllll’llllll‘lll!l{l!liil!lll
Cil’lillll!llllllllillllll!llilillllllIllllllillllllIlllliilillllilllil

cc cc

cc SECTION VII! ce

cc cce

cc DETERMINE WHICH CONSTRAINTS AFPLY TO WHICH ARCS; ce

cc WRITE TO DATA FILE 3 cc
148
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cao ccC
COCeCCCCccoccoceeeeorcocecoeeccooeceaocceeeceeeecceceeceececeeceocececeecececcce

c
¢ NOTE: the rows in FILE 3 must be ordered by ARC NUMBER
c
CREENEENNR R T E IR RN R I K003 50K 3033 2 3% 3% 03 96362 0 0 06 0636 2 06 33 3 %X NXE
c
¢ Note: assumption is that all positive external flows are
¢ received and assignments are made for a particular time
¢ period before the corresponding constraints (manning requirements
¢ and experience level ragmts) for that time period are applied.
e
open {(unit=9, file='FOR003.dat’ ,status="new’)
c

do 150 enddut-1,4
¢ step through arc numbers sequentially Lo 1nsure file is ordered
¢ by arc number
dn 150 arcnum=l+maxarc(enddut-1),maxarc(enddut)
do 150 time=1,5

c
¢ [f begin time of arc <= current "time" ( end time of arc,
c then constraints applicable to current year apply to the arc.
c
if (arc(arcnum,5) .LE.time.AND.

s arc{arcnum,6) .GT.time) then
c
¢ Manning level constraints. All arcs except the four end-of-
¢ network arcs have manning level constraints.
c

write (8,700) constr(time,enddut,0),
3 arcnum, 1.0
write (8,700} constr(time,enddut,i)},

3 arcnum,!}.0
T00 format (' ' ,15,16,F10.0)
c
c ASTRA, 1SS, and SSS constraints. Note: +the network structure
¢ is also constrained so that nodec for duty type 4 exist only
c for the ranges of asd groups represented here.
[ad

1f (enddut.eq.4) then
1f (arc(arcnum,8) .ge.7.and.arc(arcnum,8).le.8)
E ] then
write(8,700) pmecon(time,i,V),arcnum,].0
write(8,700) pmecon(time,l,l),arcnum,i.0
end1t
if (arclarcnum,8).ge.l3.and.arclarcnum,8).
3 le.15) then
write(3,700) pmecon(time,2,0),arcnum,l1.0
write(8,700) pmecon(time,2,1),arcnum,!l.V
endif
if (arc(arcnum,8).ge.i8) then
write(8,700) pmecon(time,3,0) ,arcnum, 1.0

149




wr:te{4,700) pmeconi{time,3,l) ,arcnum,!l.¢
endi1t
endlt

)

Experience level constraints. For “less-than’ constrainis,
1f arc begin asd .LE. ‘expasd’ then constraint applies.

For “greater-ihan’ constraints, if{ arc end asd. GE. “expasd’
then constraint applies.

R e T

do 151 1=1],expreq
1f (exptyp(1i).eq.0) then
1f{(expdut(i).eq.enddut).and.
$ (arc(arcnum,7) .le.expasd(i))) then
write(8,700) expcon{i,time),arcnum,i.u
endif
else
iflexptyp(i).eq.!l) then
if ((expdut{i).eq.enddut).and.
$ (arc(arcnum,8) .ge.expasd(i))) then
write(8,700) expcon(i,time),arcnum,].0
endif
endif
end1if
151 continue
c
end1f
150 continue
c
close (8)
o
NCCOCCrCCCCCCCCCOCCCCRCCCCCCCCCCCCCUCCOCOCcecaececreceecececeeecececceceee
3222 R EEE R R E SRR R E R R B R RN S R E R R R X R SRR N EEE R EREEE NS ENEEE SRS SR SERERERER S
M EE R EE R E R E SRR R R R EE RS R R R R R R E RN E R B EEE RS E RS R RS XEREEEE SR RN SRR E SRR R X

oo ce
oo SECTION IX ce
~e ce
ce CALL NETSID TO COMPUTE OPTIMAL NETWORK SOLUTION ce
oc NETSID PUTS OUTPUT [N FILEN FOROOT7.DAT &% FORQUH.DAT ce
cc e

fatelelafolelolelodolal ol olalatol el oT alotoT ol sl ol ol ol et olod st slat el st el sl ol S wfeT el erad o T ededol ef ol Xl ol el o aledor ol MY o 6ot s el el A ol 60!
c

nprint *, ‘data files built...perfiorming network optimization ',

$ 'routine’

call NETSID
o
ot oJalafelolat alatal el et alsl et ol olod ofoladod ol of el kT ot el sf ofed od ol of of f T o of sl ol eT ol oJof bl oT ol sl MM oL luf el sl o T el o] oli uN ol o of oL TN
I3 2 XS S RN R R R R E R E R B S RS T E RS R R R R R R SR E RN E S RS R R SR SR NEEEEENRREEE RS RN R RN
(X 2ZEEREREE AR ER R AR RS R FE R EE R R E R A R R E R A R S R R RS EE N RS RS EE RN RN NN

ar ce

fals) SECTION X cc

e ce

cc CALL NETOUT TO CONVERT NETSID OUTPUT DATA TO e
150
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s ‘USABLE INFORMATLON® cc
ce cc
CCOrACCeCCrRCOCCCeCrCCOCCCrCrCCCCOaCCreCCrCeCClCCCCCOUlCLECCeCereaeeece
c
print & ‘nptimization compiete...buiiding output tables’
call Netout (maxarc,fy,node,atr,duldur)
print #,’'processing complete’
print ¢ 'a list of nodes and arcs g 1in file NODEARC.OUT'
print *, 'optimal assignment tables are in file ROTEPLAN.OUT’
print *,'miscellaneous optimization information 1s in ',
$ 'file FOR0O07.dat’

end
c
CCCCCCCCCCOCCCCCCCeCCCCCCCCeCCCelCcCcceeccecccececceecececececcecrececececce
CRIEX NIRRT 0 33230 6306300 3% 3 0633 2 0 2 3 % 360 0 X% 03 K 93 KKK NNKMNNRKNK
232222 222222222223 2222222238223 32222 2 222X RRRRR R R RS RRREE ]

c M. OLSON, thesis, DEC 87

c
¢ subprogram to convert Netsid output data to USABLE INFORMATION
c¢ for the GATES program
o
CHEREE R R I I 03 033 0 0 3 0 0 3 3 3 2 % 3 3 3 3 3 3 3 3 3 3 3 36 9 96 36 16 3 36 36 36 3 3 2 ) 2 3 0 0 3 % X X ¥
c
subroutine NETOQUT (maxarc,fy.node,atr,dutdur)
c

2222222 SRR R R RSN EERE RS EREEEEEESERSRER SRR REEE NSRS RREY S

c
¢ VARIABLE DEFINITIONS AND DECLARATIONS
cC
c VARIABLES PASSED FROM "HATES®
o
¢ maxarc 1s dimensioned for the number of duty types and holds the
o highest arcnumber representing an assignment to a parvicular
c duty tyne
integoer maxarc(0:4)
c fy is dimensioned for the number of time periods
integer f{y(l1:3)
¢ node is dimensioned to the {ull size of the network: time
o periods, duty types, asd groups, flycre, and “index’, where
c index = 0 = node number

c index = | = node external f[iow (not 1ncluding attrition)
integer node(]1:5,1:4,0:.8,0:1.,,0:1)
atr 18 dimensioned for time periods, duty types, asd groups, and
y flycre
real atr(i:5,1:4,0:18,0:11)

0

¢ dutdur is dimensioned for the number of duty types
integer dutdur(i:.q4)

o

c

¢ VARIABLES INTERNAL TO "NETOULT®

" L] ' ‘ .
(M)
aW“ﬂ"

OO0 OO OGN OGN AAGHG
0y ..o.:.f.f.i,f,n.?,ﬁ‘f.t'f.o’!,l!i.n.'.w".|_“n‘l,-f’,.fi,cfQ.o!t,.ta‘.fp..'oi.fn_.fy,




K (o

o integer time, enddut, asdyg, flycre
. integer minfly, maxfly, index, arcnam
integer nodnum, fnode, tnode, duty

3 real fiow, flocst, tgroup, gtotal, natrit
' real total, tatrit
v c
i. c the following hold rotation ‘assignments” by time period
: c and end duty. Each array represents a different level
:; c of flying gate attainment:
) c gateU(time,enddut) = those who have not yet met any gates.
t: c gately = have met the lst gate
) c gateln = failed to meet the lst gate
ff c gate2y = have met the 2nd gate
v c gate2n = failed to meet the 2nd gate (met gate 1)
kX c gatedy = have met the 3rd gate
.h c gate3n = failed to meet the 3rd gate (met gates 1 and 2)
& real gate0(1:5,1:4) ,gately(1:5,1:4) ,gateln(1:5,1:4)
$ real gate2y(1:5,1:4)
) real gate2n(1:5,1:4),gate3y(1:5,1:4) ,gatedn(1:5,1:4)
q ¢ nassign holds the flow quantity and cost and 1s dimensioned for
W ¢ from node (fnode), enddut, and index:
' c index = | = flow quantity

c index = 2 = flow costs

0

N

: real nassign(1:5000,1:4,1:2)

R dimension for number of duties:
real tassign(l:4), nodenu(l:4)

) real assign(l1:4), cost(1:4)

0

:_ ¢ dimension for number of anticipated artificial flows and 1index.
z c artif holds "solution” information on artificial flows:
I c index = 1 = fnode
R ¢ index = 2 = tnode

c index = 3 = flow
¢ c index = 4 = flocst
o real artif(1:100,1:4)
?‘ ¢ dimension for number of years +1 (for total), duty types +I
’: ¢ f(attrition), asd groups, and flycre:
N c passign holds the proportion of assignments to each end duty
q c and attrition.
.r real passign(1:6,1:5,0:18,0:11)
‘o C
2 € ROTEWC (TIME, ENDDUT,ASDYG,FLYCRE, INDEX) HOLDS ASSIGNMENTS THAT
K  HAVE A COST ASSOCIATED.
o C INDEX = | = COST ASSOCIATED
4 C INDEX : 2 = #& ASSOCIATED
' C INDEX = 3 - ®% FROM FLY ™"TigS
g c INDEX = 4 - % FROM oTAFF/SUP DUTILES
, c INDEX = % = ® FROM AFIT
K ¢ INDEX = 6 - % FROM PME
i C
. REAL ROTEWC(1:5,1:4,0:18,0:11,1:6)
»
b
¥
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.
¢ CONVERT OUTPUT DATA TO “INFORMATION®;
¢ WRITE TO FILE ROTEPLAN.OUT
c
open (unit=% file- 'for008.dat’' ,status:"vid")
o

k=0
WX EZ R EE X R R R R E R R E E NN R R R EEE S RN NS A EEEEEE RSN EEEN SRR SRR 1
c #xx¥x beginning of loop to read netsid output data xxweas
c

89 continue
read (9,600,end=90) index,arcnam, fnode, tnode,flow,
$ flocst

600 format (5X.16,3(18),2(E19.9))

c

¢ artificial var:able information 1s stored 1n artif{k,1ndex)
c
if (arcnam.eq.99999) then
k=k+1
artif(k,!l)=fnode
artif(k,2)=tnode
artif(k,3)=flow
artif(k,4)=flocst
goto 89
endif

network solution flows and costs are assigned to
nassign(fromnode,endduty,index), where i1ndex=i1 holds the
flow quantities and index=2 holds the flow costs.

a1 a0nn

do 95 enddut=1,4
if (arcnam.GT.maxarc(enddut-1).AND.

S arcnam. LE.maxarc(enddut)) then
nassign(fnode,enddut,l)=flow
nassign(fnode,enddut,2)=flocst

endif

95 continue
C

20 to 8Y
o
c #xe#x ond of loop to read netsid output data ¥xxxx
IR E R R E R R R R R E RO SR 2 R SR RSN E R ERE NSRS SR S ER S EENERER R
90 continue

close (5)
CREXBRENEEXRRER XXX XERRRRER XA RERRRELAREERERER R RERRERRRERRARARE R RS
C  OUTPUT TO ROTEPLAN.OUT FILE
c

open {(unit-6,f1le-"roteplan.out’' ,status: new’)
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Q‘ C INFO ABOU'T ARTIFICIAL ¥LCW VAR ABLES
‘:f nednaum: 0
t ‘ -
' -
et 1f (KL GTL0) snen
.‘Q write (65,040) K
A 620 format (' °, wxxs ' 15, ARTIFICIAL VARIABLES pRESENT: °,
.;i, s "NO FEASIBLE SOLIMPION  s®xn’/
:'J $ from ¢to unit to-node characteristics ',
aﬁﬁ $ " attrition'/
;') £ node node coust  1low year duty asd iiyace',
“" $ demanded '/

Y, $ B e Sme e me mee e
5 )
o end: f
Q. ) ¢
’ do 88 n-=1,k

;\h tnode = INT(art:{(n,2))
{ﬁr do 93 time:=1,5
Y do 93 duty=1,4

|xj do 93 asdyg-0,18

o if (asdyg.lt.6) then

o minfly-=-asdyg

e else
B minfly=6

u?§ endif
By 1f tasdyg.gt.ll) then

Mo maxfly=11
{ else

vy maxf{ly-asdyg

;5 endif

e do 93 flycre-minfly,maxfly

h‘* _ 1f (tnode.eq.node(time,duty,asdyg,

o, E flycre,0)) goto 50

t:) 93 continye

3‘ c

:"{ ¢ ass1gn “bogus® values ;ust 1n case loop can't find an “equal’.
oy ~ {f these appear on roteplan.out, need to look at nodearc.out
Yol ¢ to determine actual node where artificial flow i1s ogcouring.
) o

o thime:=y

A duty »

*w asdyg=ly
;fz liycre- .2
N ‘

50 continue

1& write (6,650) artif(n,l),art1{tn,2) artifin &y ,arviiin,d;,
;}V $ time duty asdyg, flycre,atri{time,duty,
. g £ asdyg,flycre)
f : 650 format (' ' FE. O Ix F5. 0,ix,F4.0,2x,F85 1 ,ix,4016) ,Fiv. )
g
t,: " r

Al a8 continue
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¢ UPTIMAL SOLUPTION ARC FLOWS CONVERTED TO ASSIGNMENY POLICY (NFO
C
do 91 time=1,5%
if (time . GT.!) then
stotal=tassign(l)+tassign(<)+tassigntid)+tassignd)
write (86,7%0) tassignll) , tassign(2),tass1gn(d),tassign(4),

$ gtotal ,tatr1 t
750 format (° '/, TUTAL',4X,2(1x,F6.1,4X) %% ,F6.1i,4x,FG. 1,
& Y% ,2K6. 1)
endif
c
tatri1t-0
do 80 1=1,4
tassign(i) =0
a0 continue
c

write (6,700) fy(time)
7006 format ('1'//,' Optimal assignments for {igcal year ',13//
"1

k3 ' ASD GATE # to each duty and cost ',15x,
$ *  TOTAL CURR YR’/
$ ' YEAR TIME FLY $ Sup 3 AFIT k3 ',
s ' PME $ ASSIGN ATTRIT'/)
C
do 91 asdyg=0,18
e
1f (asdyg.LT.6) then
minfly=asdyg
else
minfly=6
endif
c
1f (asdyg.GT.11) then
max{ly-=11
clse
max ! ly-asdyg
end1f
~
do 9! flycre=minfly,maxfly
C
¢ nodenu(,) are assigned the node numbers tfor the respective
¢ duty types for a part:cular time/asd group/flycre combination.
c Assigni{end duty) holds total flow of all rotations intou end duty
¢ and costiend duty) holds unit cost of rotations into end dutly
e for that particular time/asd group/flycre combo.
c

nodenul{l}-node{time,!,a3dyg,flycre,0)
nodenu(?) snocde(vime,2,asdyg,flycre, uj
nodenu(3) =node(ti1me,3,asdyg,{iycre,0)
nodenu(4i-node(bLime,4,asdyg, iycre,0)

LAroup-o
e 85 enddut-t,4
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0

Y

b assignlenddut) -nassign(nodenutl) ,enddut,!)+
" L nassign{nodenu(2) ,enddut,iit

a $ nassign(nodenu(3) ,enddut, i)+

s nassignlnodenuld) ,enddut, )

W cost (enddut) =AMAX] (nassign(nodenul,) ,enadut,2),
f $ nassign(nodenu(2),enddut,2),

d £ nassigninodenu(d) ,enddut, ),

) 3 nassi1gninodenui{d) ,enddui,2))

g tfroup-tgroup+assign(enddut)

\ tassignlenddu?h) - tassignlenddut) ragsignienddut)
M c

? ¢ sum rotat:ons by end duty and gate attained

» ~
! 1f (flycre.lt.t.and.asdyg.it.i2)

) $gate0(time,enddut)=gate0(time,enddul) +assignlenddut)
r if (flycre.ge.6.and.flycre.lt.9.anc.
3 fasdyg.1t.18) gately(time,cenddut) “gately{vime,enddut)+
P $assign(enddut)
9 if (flycre.lt . 6.and.asdyg. ge.!2)
s $gateln(time,enddut) =gatetn(time,enddut) tass1gnienddus)
. if (flycre.ge.9.and.flycre.it.11.ang.

] Sasdyg.1t.18) gatelyltime,enddut) :gately(time,enddut)+
g $assign{enddut)
. if (flycre.ge.b.and.flycre.lt.9.and.
5 fasdyg.ge. 18) gate2n(time,enddut) gate2n(time,enddut)+
A $aszsign(enddut)
if (flycre.ge.ll.and.asdyg.le. 18)

H $gateldy(time,enddut) =gatedyltime,enddut) +tassign{enddut)

if (flycre.ge.9.and.flycre.lt.1}.and.
Zasdyg.ge.18) gate3n(time,enddut)=gatedn(time,enddut)+
$assign(enddut)

) o g

-

th £ SUM ROTATTONS WITH COST (ROTEWC) BY TIME, END DUTY, ASD
¢ GATE CREDI™.

S c

< IF(COST (ENDDUT) .NE.O) THEN

3 ROTEWC (TIME, ENDDUT, ASDYii, Fil.Yere, 1 -

& $ COST (ENDDUT)

>, ROTEWC (T TME, ENDDUT , ASDYG, FLYcre, 2) -

¢ s HOTEWC ('TIME, ENDDUT, ASDYG, FlL.Ycre,2) +

-
«

ASSIGN(ENDDUT)
ROTEWC (TIME, ENDDUT,ASDYG, iLYcre , 3) -

L)
o $ ROTEWC (TIME, ENDDUT, 48DYG, #LYcre, ) +
;é £ NASSIGN (NODENU(!) ,ENDDUT, 1)
ROTEWC (T1ME, ENDDUT, ASDYG, FLYere, 4) =

‘! $ ROTEWC (‘T IME , KENDDUT , ASDYG, FLYcre, §) +
K $ NASS TGN (NODENU(2) , ENDDUT, 1)
! ROTEWC (TIME , ENDDUT ,ASDYG, FLYere,9) -

\ $ ROTEWC (T IME, ENDBHY, ASD LG, FLYcre,9)
i $ NASS TGN INODENU (D) , ENDDUT, 1)
N ROTEWC (TTME,ENDDUT ASDYG, FL.Ycre, 6) -
‘ s ROTEWC (1 ME, ENDL Y, AsDYG, FL.Yore , U+
)
0y
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$ NASSIGN(NODENU (4) ,ENDDUT, L)
ENDIF
85 cont.nue

C CALCULATE ATTRITION FLOWS
C
natrit-atritime,l,asdY¥G,{fiycre) ¢+

$ atr(time,?,asdyg,flycre} ¢
$ atr(time,3,asdyg,flycre) +
$ atr{time,4,asdyg,flycre)
tatrit=tatrit+natr:t
C
¢ WRITE TO OUTPUT FILE
C

write (06,800) asdyg,flycre,

$ assign(l),cost(l) assign(2) ,cost(2),

§ ass1gn(3),cost(3) ,assign(4) ,cost(4),tgroup,natrit
«
800 format (' ',13,15,4x,2(FS.1,F4.0,2x) ,2(F6.1,F4.0),

$ Ix,2F6.1)
R EEEE R E R R RS E R R E R R R R B R E R EE R E R R R B R B EE R B R E SRS SRR ESE R SR EEREEE SRR R
C CALCULATE PERCENTAGES ASSIGNED TO EACH DUTY AND ATTRITED
C FOR EACH ASD GROUP/GATE CREDIT COMBINATION

C
total=tgroup+natrit
(o4
1f (total.ne.0) then
passign{time, ], asdyg,flycre)=assign(l)/total
passign{time,?, 6 asdyg,flycre)=assign(2)/total
passign(time,3 asdyg.flycre)-assign(3)/total
passign(time,4,asdyg,flycre)-assign(4)/total
passign(time,5 asdyg,flycre}=natrit/total
endif
~
91 continue
C
gtotal=tasgign(l) +tassi1gn(2) +tassign(J) +tass1gn(4)
write (6,750) tassign(1l),tassign(2),tassign(3),tassign(4),
$ gtotal,tatrit
c
do 97 time=1.%
write(5,850) fy(time)
850 format('1'//,’ optimal assignment percentages for fiscai ',
3 "year ', I13//°  asd fly * percenl to each duty = '/
5 group credit fly sup afit pme attrit’,
¥ /)
(84
do 97 asdyg-0,1i8
c
1f (asdyg.lbt.6) then
minfiy=asdyg
alse
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minfly-6
endif
o
1f (asdyg.gt.l1) then
maxfly-ii
else
maxfly=-asdyg
endif
I
do 97 flycre -mintly,max{ly
write(n,860) asdyg,fiycre,

T passignitime,]l,asdyg,flycre)xivo.,

$ passipgn(time, 2, asdyy, flycre) «100.,

€ passignitime,3,asdyg.flycre)x100.,

& passign(time 4, ,asdyg,flycre) x100.,

s passign{time,5,asdyg,flycre) {00,
860 format (' ",15,3x,14,4x,5(F5.1,3x)])
c

do 97 enddut=1,%
passign(6,enddut,asdyg,flycre) -

$ pass1gn(6,enddut ,asdyg,.flycre) +

$ passign{time,enddut,asdyg,flycre)

c

97 continue

c

¢ OVERALL PERCENTAGES FOR ALL 5 YEARS

N

write(6,870) fyil),fy(5)

870 format ("1'//,' optimal assignment percentages averaged
$ ‘over ',I3,' thru ',I13//' asd fly ¢ percent to
$ ‘each duty »'/' group credit fly sup afit
$ 'pme attrit'//)

c

do 98 asdyg-0,18
o
if (asdyg.lt.b) “hen
minfly-asdyg
else
minfly=6
endif
€«
1f (asdyg . gt . 11) then
maxfiy=1}
else
maxfly-asdys
endif
e

do 98 flyecre-minfiy,maxfly
write(6,860) asdyg,flycre,
s passign(t |, asdyg,flycre}»l00./5.,
passign(6,2 azdyg, tlycre)#100./0.,
pasg1gnib, 3, acdyg,flycre} #10C./0.,

% "
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s passign(6,4 asdyg,flycre)#{00./5.,
$ passign{6,5,asdyg,flycre) #100./5.
(a4
98 continue
[ad

CRERFERE AR E RN R R R E R RN N RN RN RN R R AN R RN RN A AR N AN KRN KA RN R AR
€ WRITE ASSIGNMENTS WITH AN ASSOCIATED COST
C
WRITE(6,74%)
74% FORMAT ("1’ , 'ASSIGNMENTS THAT RESULT LN MISSED GATES '~/

s L NEW GATE NUMBER  UNIT',
s DUTY ROTATING FROM: '/
$ ' ' 'YEAK DUTY ASD TIME ASSIGNED Cust',
s FLY SUP AFIT PME '/
e et
s e 2
¢
DO 22 TIME:=1,5
WRITE(6,747)
747 FORMAT (' ')

DO 22 I=1,4
DO 22 J=0,18
DO 22 K=0,11
IF (ROTEWC (TIME,1,J,K,1).NE.O)
WRITE(6,746) TIME,I,J,K,ROTEWC(TIME,I,J,K,2),
ROTEWC(TIME,I,J ,K,1) ,ROTEWC(TIME,I,J K ,3),
ROTEWC (TIME,I,J,K,4) ,ROTEWC(TIME,!I,J,K,5),
ROTEWC(TIME,I,J ,K,6)
746 FORMAT (' ',4(14,2X) ,F7.1,3X,F3.0,6X,4(F4.0,2X))
22 CONTINUE
CER RN RN RN RN RN NN RN RN RN R E R NN RN RN AR N RN RN RN RN N R RR
c write assignment solution based on which gates have been
c attained.
c

"t u

write(6,760)
760 format(')l', OPTIMAL ASSIGNMENT POLICY /' broken out ',

£ 'by pate attained (hit) or missed’'/' (hit or miss ',
$ 'status is as of the start of the assignment)’'/

s ' GATE HIT OR MISSED: hit miss hit mss ',
s 'hit miss'/

1 year duty none 1 i 2 2 ',
% Ty 3y

s

$

+ LR

R

(o]

do 21 time=},5
write(6,768)
768 format (' )
dn 2! onddut-i,4
write(6,76%) time,enddut,gateO(time,enddut),

$ gately(time.enddut) ,gateln({time enddut),
s gate2y(time,enddut) ,gate2nttime,enddut),
159
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")
?
K s patedy(Lime,enddut) ,gatednitime,enddut)
765 format (' ' ,12.4x%,i2,11x,F5.0,2x,3(F4.0,1x,F4.0,2x))
L 21 continue
" write(6,767)

767 format{/’ ' ,'NOTE: duty : = fly, duty 2 stalt/supp, '/
$ ' duty 3 = AFIT, duty 4 - °ME/ASTRA')
" cicse (6)

return
! end
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' Appendix C: Samples of Network Data Files
e Sample data lines from FOR0OOl.dat:
»
E 2 229.00
' 4 60.00
! 5 281.00
»
p. . .
.l
K 870 -1.00
» 908 -53.00
: 975 -3153.00
o
:. Sample data lines from FOR002.dat:
M
f 1 1 586 -1.00 0.00
) 2 2 587 -1.00 0.00
A 3 3 588 -1.00 0.00
)
u . . . . .
. 2372 972 975 -1.00 0.00
) 2373 973 975 -1.00 0.00
i 2374 974 975 -1.00 0.00
: Sample data lines from FOR00J.dat:
!
n 1 1 1.
4 2 I,
9 1 1.
‘0
‘ . . .
:. 40 2370 1.
T 69 2370 i.
: 70 2370 1.
.‘ Sample data lines from FOR004.dat:
.
K 1 1172.00L
! 2 732.00G
" 3 712.00L
[} 4 516.00G
[
* . . .
) 72 790.00G
o 73 1096.00G
! 74 1080.00G
75 1096.00G
a¥
L
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Note:
FOR007.dat.

arc

f.ows.

NETSTD

ENTER REINVT
ENTER REINVT
FENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT
ENTER REINVT

Appendix D:

The actual

ITERATION
ITERATION
[TERATION
ITERAT10ON
[TERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION
ITERATION

sample of NETSID Outputi

0
145
290
435
580
725
870

1015
1160
1305
1450
15995
1740
1885

THE FOLLOWING ROUTINES CHECK THE SOLUTION
FOR CONSTSTENCY

ENTER CHEKQI
ENTER FESCHX
ENTER DUALCK

ITERATION
ITERATION
ITERATION

1917
1917
1917

OBJECTIVE FUNCTION VALUE 0.649000000E+03

OPTIMAL SOLUTION AT ITERATION 1917

BASIC VARIABLES --- ARTIFICIALS HAVE NAML yGYYY
INDEX NAME FROM T VALUE
2 2 2 587 0.229000000£+03
4 4 4 589 0.600000000E+02
5 5 b 591 0.281000000E+03
6 6 6 594 0.107000000E+03
7 806 7 6hH8 (.980000000E+0%2
83 2294 708 70 0.800000000k 0
67 1449 568 972 0.210000000K+02
69 2307 78% 974 0.500000000k+01
162
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This appendix contains only a portion of the NETSID output fiie
file contains a compiete i:isting of all soliution

.000000000k+00
.GUOVUOVUOE+QU
.000000000E+00
.Q00O000VVOE+UO
.000000000K+00
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v
3 Avnerdiy <0 GATES Output ¥ile SANITY.OUT
i
"
N INPUT PARAMETERS
b
j{ DUTY TYPE: FLY SuUp AFLT  PME
' duty duration: 3 3 | 1
LN
i; GATE COSTS:  GATE TIME ASD MISS COST
X
Y
'S 6 12 3
’ 9 18 2
X 1l 18 i
N 0 0 0
; 0 0 0
..:t 1 1 4
Y, 2 2 4
q 3 R} 4
> 4 4 4
¢ 5 5 4
, 6 6 4
t 0 0 0
K
o ATTRITION AD.JUSTMENTS
g YEAR DUTY ASD  FLY ADJUSTMENT
4 - .- - - —c—e e e
K 1 ! 9 8 3.
i 1 1 9 9 -3.
- 1 2 12 8 -1.
? 2 1 8 7 5.

2 I 8 8 -5,
- 2 1 9 8 5.
ﬁ 2 ! 9 9 -5,
! 3 1 9 ] 8.
- 3 | 9 9 -8.
u 3 S ) 10 “i.
> 3 1 12 11 1
0 4 1 7 7 40
f 4 1 8 8 2
: 4 I 10 10 4
,’ 5 ! 8 8 40
" 5 ] 9 9 -
iy 5 SRS -4
¥
.l
o
K
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ARRIVED-STATION STATISTICS

(number that arrived at initial duvy station
during 1ndicated time periods.

st column = fy lst half, 2nd column - fy Znd half{)

duty before

type FYg4 KFY84 FY85 KY86 ¥ys7 total
! 407. #3229, 251. 378. 270. 364. 326. 289 2597
2 96 . 26 6 46. 121 52. 149 6:. 107 140
5 0. 0 0 0 3 0 ) 0. 12 30
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DUTY COMPOSITION STATISTICS
NOTE: these stats represent the s:tuation after the model
has forced certain duty, ASD, and gate credit combinations
{(columns sum to 100 percent)
percent of total personnel 1n each duty
type that belong to each asd group

asd group fly sup afit pme
0 0. 0. 0. Q.
1 1. 0. 0. U.
2 6. 0. 0. 0.
3 6. 0. 0. 0.
4 10. 0. 0. 0.
5 10. 0. 0. 0.
6 il l. 3. 0.
7 7. 1. 17. 5.
8 5. 2. 17. 2.
9 2 2. 30. 2.
10 2. 4. 10. 5.
11 2. 4. 10 12
12 2. 4. 3. 14.
13 2. 6. T. 14.
14 3. 6. 0. 7.
15 3. 7. 3. 5.
16 3. 12. 0. 0.
17 5. 10. 0. 2.
18 22. 10 0. 31.

(rows sum to 100 percent)
percent of total personnel 1n each
asd group that are in each dutytype

asd group fly sup afit pme
0 0. 0. 0. 0.

1 100. 0 0. 0.

2 100. 0. 0. 0.

3 100. 0. 0. V.

4 100. 0 0. 0.

5 100. 0. 0. 0.

6 98. 2. Q0. 0.

7 93. 3. 3. i

B} 87. 9. 4. 1

9 69 . 20. 10. .

! 58. 36. 4. 2.

11 97. 34. 3. Y

12 92. 39, l. 8.

13 53. 40. 2. 5.

&j 14 61. 36. 0. 2.
15 57. 40. i l.

1o 44 . He. 0. 0.

0. 1.

V. 1.

17 61. 39.
bes 6. 3.
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Vrﬂ ASD (GROUP COMPOSITION STATISTICS
o NOTE: These numbers are also after the model
has forced certain combinations
(rows sum to 100 percent)
43‘ % of each asd group by gate credit accumulated

Q: asg group 6 yrs 7 yrs 8 yrs Y yrs 10 yrs (]l yrs
.' - e m m e s mmem e e e = et ot m a oam m m et e e o e e e - —
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1. 10. 16. 74.
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.‘:'

ot

‘

i}
W YEAR: By 8Y 90 9] 92

} TOTAL ROTATIONS
’ grouped by “from” duty and “initial’ asd group

.

> DUTY L; ASD O 0. 0. 0. 0 0.

DUTY 1; ASD | 0. i. 18. 0 0.

3; DUTY !; ASD & 0. 49. 102. 0 0.
> DUTY 1; ASD 3 60. B2. i2. 0 0.
\ DUTY 1; ASD 4 193. 5 52. 0 0.
W DUTY 1; ASD 5 107. 36. (12, 0 0.
h’ DUTY i; ASD © 142, 83. 55 0 0.
Wy DUTY 1; ASD 7 112. 42. 25. 0 0.
" DUTY 1; ASD 8 6. 33. 22. 0 0.
! DUTY 1; ASD 9 26. 23. 13. 0 0.
’ DUTY 1; ASD 10 20. 17. L. 0 0.
;5, DUTY 1; ASD ! 26, 15. 4. 0 0.
1N DUTY 1; ASD 12 27. 8. 4. 0 0.
o DUTY 1; ASD 13 27. 1. 15. 0 0.
N DUTY |; ASD 14 44, 19. 12. 0 0.
a0 DUTY 1; ASD 15 45 25. 8. 0 0.
(] DUTY 1; ASD 16 39. 24, 16. 0 0.
o DUTY 1; ASD 17 65. 23. 32. 0 0.
oS DUTY 1; ASD 18  347. 128. 92. 0 0.
i

e DUTY 2; ASD © 0. 0. 0. 0 0.
B(4 DUTY 2; ASD | 0. 0. 0. 0 0.
. DUTY 2; ASD 2 0. 0. 0. 0 0.
A DUTY 2; ASD 3 0. 0. 0. 0 0.
oy DUTY 2; ASD 4 0. 0. 0. 0 0.
;J? DUTY 2; ASD 5 0. 0. 0. 0 0.
b DUTY 2; ASD 6 2. 0. 3. 0 0.
1 DUTY 2. ASD 7 2. 0. 4. 0 0.
J DUTY 2; ASD 8 ]. 9. 3. 0 0.
ol DUTY 2; ASD 9 4. 7. 7. 0 0.
Y DUTY 2; ASD 10 13, 8. 9. 0 0.
o, DIUTY 2; ASD L1 14. 9. 10. 0 0.
Wy DUTY 2; ASD 12 13. 12. 4 0 0.
i DUTY 2; ASD 13 20. RE i4 0 0.
o DUTY 2; ASD 14 i1, 21. 12 0 0.
g’ DUTY 2; ASD 15 24 . 17 14 0 0.
<N DUTY 2; ASD 16 45. 21. 21 0 0.

DUTY 2: ASD 17 43 13. 21 0 0.

D DUTY 2; ASD 18 183 67 46 0 0.
ér' DUTY 3, ASD 0O 0. 0 0. 0. 0
" DUTY 3: ASD | 0. i) 0. 0. v
- DUTY 3; ASD 2 0. 0 0. 0. 0
}ﬁ DUTY 3; ASD 3 0. 0. 0. 0. 0
e putY 3; ASD 4 0. 0. 0. 0. 0
s DUTY 3; ASD 5 0. V. G v. 0
.' navTY 3; ASD o i u. 0 0. V]
A
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[ >
s-.'.-')"‘

DUTY 3, ASD 7
DUTY 3; ASD 8
DUTY 3; ASD 3
DUTY 3; ASD 0
DUTY 3; ASD 11
DUTY 3; ASD i2
DUTY 3; ASD 13
DUTY 3, ASD 14
DUTY 3; ASD 15
bUTY 3; ASD 16
DUTY 3; ASD 17
DUTY 3; ASD iH
DUTY 4. ASD ©
DUTY 4; ASD |
DUTY 4; ASD 2
DUTY 4, ASD 3
DUTY 4, ASD 4
DUTY 4; ASD 5
DUTY 4; ASD 6
DUTY 4, ASD 7
DUTY 4; ASD 8
DUTY 4; ASD 9
DUTY 4; ASD i0
DUTY 4; ALD il
DUTY 4; ASD 12
DUTY 4, ASD 13
DUTY 4; ASD 14
DUTY 4; ASD |5
DUTY 4; ASD 16
DUTY 4; ASD 17
DUTY 4; ASD 18
HOTATIONS THAT
YEAR:

IST GATE
2ND GATE
JRD GATE

() (3
R 0 180,00 Wb + tt
v .".J AU LM WO I‘e »

)
A n'?‘u‘.

T <

_—

SO o CcCcoCC SO O -~ O

D NS — O

w O

HAVE MISSED THELK GATES

o B A o L g
| 'Vr\}'\ '\_4'\',

M ) s 44 WTY

0. 0. v. u.
0. 0. Q. 0.
0. 0. 0. 0.
U. 0. v. 0.
0. 0. 0. 0.
0. 0. 0. (UN
0. 0. 0. g.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. V.
0. 0. 0. 0.
0. 0. u. G.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. V. 0.
0. v. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. V. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
0. 0. 0. 0.
89 90 91 g

0 0 0 0
63 49 0 Y]
25 28 0 v
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¥ YEAR: o 89 gu 91 9L
LY AVAILABLES
v |

[}

K

{ GAINS

; UFT GAINS: 229 248 248 235 235
¥ FALP GAINS: 88 67 67 64 64
\ TOTAL GAINS: 3i7. 315. 315. 299, 299.
»? GAINS TO DATE: 317, 532, 947 . 12406. 154%.
O

¥ ROTATIONS

"
;. DUTY : 13%48. 65354 . 615. v. 0.
\ DUTY 2: 37%. 197, 168. 0. 0.
5 DUTY 3: 30, 0. 0. 0. 0.
p DUTY 4: 42 0. 0. 0. 0.
' TOTAL ROTES: 1795. 831. 783. 0. 0.
i ROTES TO DATE: 1795. 2626 . 3409. 3409. 3409.
*
;n ATTRITION: 271. 467 . 444 . 373. 246.
R ATRIT TO DATE: 271. 738. 1182. 1555, 1801.
: .
: TOT AVAILABLE: 1841, 2520. 3174. 3100. 3153.
1 Lot available = gains to date + rotations to date - attrition to date
ﬁ

'

1

]
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YEAR: H8 89 90 Yl )

RFQUIREMENTS

BASELINE REQUIREMENTS (from .M.0.)

DUTY I: 2201. 21495, 2192. 2159, 2i61.
DuTY ?2: 979. 977, 1045, LS. 1i92.
DUTY 3: 3. 31. 33. 32. 8.
DUTY 4. It 3. 34. 33. 38.
TOTAL RQMTS: 3242. 3234. 3300. 3237. 3459.

UNDERMANNED (MIN) REQU! REMENTS

DUTY 1: tg8l. 1976. 1675. 1943. 1972.
DuUTY 2: 881. 879 . y37. Y14, 1073.
bUTY 3 29. 29. 31. 36. 3b.
DUTY 4: 3. 1. 34. 35 38.
TOTAL TUNDER: 2922. 2915. 2975, 2918. J1i9.

OVERMANNED (MAX) HEQUIREMENTS

DUTY L: 2421. 2415, 2411. 2375. 2410.
DUTY 2: 1077. 1076. ilas. 1114. 1311.
DUTY 3: 33. 33. 35. 34. 40.
DUTY 4: 31. 31. 34. 33. 38.
TOTAL OVER: 3562. 3554. 3625. 3556, 3799.

ADJUSTMENT (FUTURE ROTATIONS)

bury 1 1249. 615. 0. U 0.
buvyY 2. J65. 168. 0. 0 0.
DUTY 3: 0. 0. u. v 0.
pury 4: v. ¢. V. 0 0.
TOTAL ADIVST: 1614. 783. 0. U 0.
ADJUSTED UNDERMANNED REQUUREMENTS

{undermanned rqmts reduced tor downsiream rouabions)

buTyY [ 732 130 19735, 1943, 1972,
puTY 2: 516. Til. 957 . 912, 1073,
nyry x 20, 4. 3i. 30, Jo.
nuTy 4: 31, 3i. g4 . 33. 38.
ADJUSTED OVERMANNED REQUIREMENTS

(overmanned rqmts reduced ifor downsiream rotations)

DuUTY e 1172, 1800. 241 LaT. 24i0.
DUTY 2 T12. 907. 1145, 1:4. Al
VLTINS § 3 33. A3, 35. SE 40.
Ty 4 31. Si. 34 . 33 38.
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w
A
o ADJUSTED TOTAL REQUIKEMENTS
s tRequirements reduced for downstream rotations)
4 UNDERMANNED : 1308. 2132. 2975. 20918. 3119.
. BASELINE: 1628. 2451. 3300. 3237. 3459.
“s OVERMANNED : 1948 2771 3625. 3556. 3799.
2
$; tot available corresponds to the flows 1n the network
4 for each year and should fall between undermanned
\ and overmanned adjusted total requirements.
W)
:“
¥
[}
QQ’ ATTRITION
L
( asd gate year 1 year 2 year 3 year 4 year 9
;.‘:‘,‘ group time fly sup fly sup fly sup fly sup fly sup
ﬁ; 6 6 17. 0. 15. 0. 20. 0. 13. 0. 3. 0.
X 7 6 0. 0. 0. 0. 0. 0. 0. 0. 0. O.
W 7 7 33. 0. 46. 0. 41. 0. 94. 0. 36. O.
o 8 6 0. 0. 0. 0. 0. 0. 0. 0. 0. O.
Ho 8 7 6. 0. 5. 0. 0. 0. ©0. 0. 0. O.
:g 8 8 24. 0. 22. 0. 38. 0. 36. 0. 5. 0.
N 9 6 0. 0. ©0. 0. ©0. ©0. 0. 0. 0. O.
:ﬁ 9 7 0. 0. 0. O0. 0. 0. 0. 0. 0. O.
K 9 8 3. 0. 5. 0. 8. 0. 0. 0. 0. O.
{ 9 9 10. 0. 12. 0. 10. 0. 26. 0. 21. o.
R 10 6 0. 0. 0. 0. ©0. 0. 0. 0. 0. O.
K\~ 10 7 0. 2. 0. 2. 0. 2. 0. 2. 0. 3.
R 10 8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
K 10 9 2. 0. 2. 0. 2. 0. 2. 0. 3. 0.
b 10 10 8. 0. 7. 0. 10. 0. 15. 0. 5. 0.
0, 1 6 0. L. 0. 1. 0. i. 0. 1. 0. 1.
* 1 7 0. 1. 0. L. 0. 1. 0. 1. 0. 1.
5 1 8 0. 3. 0. 2. 0. 2. 0. 2. 0. 3.
i 11 9 1. 0 1. 0. 1. 0. 1. 0. 1. 0.
44 1 ) 3.0 $. 0. 3. 0. 3. 0. 4. 0.
[ L ! 3.0 3. 0. 4. 0. 3. 0. 0. 0.
L4 12 6 0. 0. 0. 0. 0. 0. 0. 0. 0. o0.
‘f' 12 7 0. | 0. 1. 0. 0. 0. 0. 0. i.
; 12 8 0. O 0. |i. 0. 0. 0. 0. 0. I.
é' 12 9 0. 1 0. 1. 0. i. 0. 1. 0. 1.
o) 12 10 1. 1. 0. 0. 0. 1. 0. 1. 0.
12 11 3.0 3. 0. 3. 0. 2. 0. 4. 0.
J’ 13 6 0. 0 0. 0. 0. 0. 0. 0. 0. 0.
o 13 7 0. 0. 0. 0. 0. 0. 0. u. 0. 0.
*ﬂ 13 8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
b 13 D) 0. 0. 0. 0. ©. 0. V. 0. 0. 0.
) 13 10 0. 0. v. 0. 0. 0. 0. 0. 0. w.
b2 i3 ' t. 0 L. v, &, 0. 1. 0. 1. 0.
e 14 6 0. 0 0. v, 0. 0. 0. © 0. 0.
O
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A

¥

W

‘

f:, 14 7 0. C¢. 0. 0. 0. 0. 0. 0. 0. 0.

W 14 A 0. 0. 0. 0. 0. 0. 0. v. 0. v.

N 14 9 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
i 14 10 0. 0. 0. 0. 0. 0. w. 0. 0. 0.
A 14 11 0. . I. 0. 0. 0. 0. 0. 0. 0.
N 15 6 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

o 15 7 0. u. 0. 0. 0. 0. 0. 0. 0. 0.

- 15 8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

&, 15 9 0. 0. 0. 0. 0. V. 0. 0. wu. 0.

; 15 10 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

15 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

N 16 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

§ 16 7 0. 0. 0. 0. 0. 0. 0. 9. 0. 0.

a 16 8 0. 0. 0. 0. ©0. 0. 0. 0. 0. 0.
;~ 16 9 0. 0. 0. 0. 0. 0. 0. 0. . 0.

. 16 0. 0. 0. 0. 0. 0. 0. 0. 0. O.

. 16 11 1. 1. 1. 1. i. 1. 0. 0. 0. 0.

: 17 5 0. 0. 0. 0. 0. 0. 0. 0. 0. O.

X 17 7 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

.- 17 8 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

o 17 9 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

q 17 0. 9. 0. 0. 0. 0. 0. 0. 0. 0.

7T i I. 1. 0. 0. 0. 0. 0. 0. 0. o.

. 18 6 0. 0. 0. 0. 0. 0. 0. 0. 0. oO.

; 18 7 0. 0. 0. 0. 0. 0. 0. 0. 0. o.

"' 18 8 0. 0. 0. O. 0. 0. 0. 0. 0. 0.
'8 9 0. 0. 0. 0. 0. 0. 0. 0. ©. oO.
18 10 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.

;:: 18 it 89. 60. 197.132. 177.118. 101. 68. 79. 53.
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Appendix F:
% to each duty and cost
FLY

229.0 0.

Optimal assh
ASD GATE
YEAR TIME

>

.0
.0
17.
.0
.0
.0

0
0
0.
0.
10.
2
i
.
1.
i.
1.0
0
0.
0.

0
33.0 33.0
13.0 24.0
.0
A
10.0

i.0

281.0
107.0
128.
55.
35.
1
2.
3.
Ll
0.

0.
0.
0.
0.
0.
0.
0.

.0
.0
.0
.0
.0
Y
.0
.0
.0
.0

2
0
Y
(U
0.

OAGBOAG

i
LY

.0
0.0
.0
.0
.0
1.
.0
.0
.0
.0
L0
L0
L0

18.0 0.

0
0
10.
O
4
0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

0.

U.

32.0 0.
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.0
.0
.0
.0
22.0
.0
.0
.0
.0
.0
.0
.0
.0
.0

.0

6.
10.0

L0

5.0

0.

0
99.0

6
18
11

1

i.
16.0

3

18

0.
107.0 0.
.0 0.
3.
.0
.0
.0
.0 0.
0.0 0.
0.0 0.
.0
.0
0.0 0.
.0 0.
0.

3
0.
0.0

1

15.0 0.

26.0 0.
20.0 0.

281.0
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.0

37

20.0 0.
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2 13 9 0.0 100.0 0.0 0.0 0.0
)\. 13 10 0.0 100.0 0.0 0.0 0.0
13 1 0.0 97.0 0.0 0.0 2.0
. 14 6 100.0 0.0 0.0 0.0 0.0
N L4 7 0.0 0.0 0.0 0.0 0.0
\ 14 8 0.0 75.0 0.0 25.0 00
Wy 14 9 0.0  100.0 0.0 ¢.0 ¢.0
¢ 14 10 0.0 100.0 0.0 0.0 0.0
& 14 Ll 0.0 54 .1 0.0 45.9 0.0
0 1% 6 0.0 0.0 0.0 0.0 0.0
1
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optimal assignment percentages for fiscal year

 percent Lo each duty #*

fly

asd

sup afit pme aterit

fly

group credit

0.0

0
0
0

.0
.0
.0
.0
.0
.0

0
0
0
0
0
0
0
0
20.

.0
.0

0

100.0

1
2
3
4
5

0

0.0

.0

100.0

2

100.0

0

100.0

0

0.0

100.0

41

58
100.0

0

.0

6

55. 4

6.0
0.
0

0.0

i

18.

0

35.5 il 29.4
88

23.5

0.
100.0

12.0
0
93

.0

0
0
6

0.0

0.0

.0
.8

0.0

0.

.3

27
92

.0

55.6

16.7

0
0
0

.0

.0
40.0

.0
.0

.0

0
60

6 100.0

10
10
10
10
10
11
1
11
11

.0
.0

0
0
50.

.0

25.
77

0
0
.0

0.

0

0.
25.0

100.0

0.
0

.0
60.

10

0

20,
100.0

0.0
0
0

0

20

.0
.0

.0

0
33.3

.7
.3
.9

66
33
42
42

.0

0.0

.0

1
1

0
T

10 0.0 57.
11

11
11

0
0

57.

.0

0.0

.0
.0

0
0

12
12
12
12
12
12
13
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0
0

0
.0
.0

0
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33

0.

80
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0.
0

0

0.0
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.0
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optimal agsignment percentages for fiscal year

# percent to each duty #

fly

asd

sup afit pme attrit

fly

group credit

0
0

0

.0

.0
0.

0
100.0

0.
0
0

0

1

.0
.0

0

.0
.0
.0

0
0
0

100.0
11

3
4

0

100.0

0
38

0

100.0

5

.6
.0

40.4

.0

0
36.6

0

0
0

63.4

.0 0.0

.0

100.0

.0
.0

0
0

0
0
0
0

0

0.
0
0

100.0
30

69.1

.0

.0
.0
.3

0

.0

100.0

.0
.0

0
0

- .-

0

0.
0

100.0
46

53
100.0

.0
.0

.7

0

0.
0
0
Y]

0
100.0

0
100.0

.0

0.0

10
10
10
10
10
1]
11

P

0.0

0
100.0
81

0.0

18.
100.0

.0

.0

0
0

2

0
0

.0

0

0
50

10

......
‘- - -

50.0

0.
0

.0

.3

33

.3

33
25.

.0
50.0

11
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11
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.0

25
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0

0
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50.

0
25.0
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0
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.0
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0
20.
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.0

0
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13
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13
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14
14
14
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14
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0

40.0

40.0
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11

23.1

.0

0.0
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0.0
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0
0
0

100.0
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.0

0
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.0

0
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100.0

.0
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15 7 0.0 0.0 0.0 0.0 0.0
15 8  100.0 0.0 0.0 0.0 0.0
15 9 100.0 0.0 0.0 0.0 0.0
15 10 100.0 0.0 0.0 0.0 0.0
15 11 0.0 100.0 0.0 0.0 0.0
Ny 16 6 0.0 0.0 0.0 0.0 0.0
N 16 7 0.0 0.0 0.0 0.9 0.0
i 16 8 0.0 0.0 0.0 0.0 0.0
16 9 100.0 0.0 0.0 0.0 0.0
16 10 100.0 0.0 0.0 0.0 0.0
18 1 0.0  88.2 0.0 0.0 1.8
“'L' 17 6 0.0 0.0 0.0 0.0 0.0
% 17 7 100.0 0.0 0.0 0.0 0.0
- 17 8 0.0 0.0 0.0 0.0 0.0
B 17 9  100.0 0.0 0.0 0.0 0.0
17 10 100.0 0.0 0.0 0.0 0.0
“ 17 1 0.0  52.9 0.0  47.1 0.0
e 18 6 0.0 0.0 0.0 0.0 0.0
Tt 18 7 0.0 0.0 0.0 0.0 0.0
o 18 8  100.0 0.0 0.0 0.0 0.0
18 9  100.0 0.0 0.0 0.0 0.0
-2 18 10 100.0 0.0 0.0 0.0 0.0
e 18 11 0.0  14.2 0.0 0.3  85.5
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optimal assignment percentages for fiscal year

®* percent to each duty *

fly

asd

sup afit pme attrit

fly

group credit
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optimal assignment percentages for fiscal year

* percent bLo each duty #

fly

asd

sup afit pme attrit

fly

group credit

0

0
0
0

.0

0
0

100.0

1

0.0

0
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.0

0
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100.0
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4
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100.0

26
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100.0
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.0
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0.0
0

0
0
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0

0
0
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0.0

.0
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0
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0
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0
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9
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0

0
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0
0
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0
0

.0

0
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0

0.0
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.0

0
0
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0
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0
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0
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o optimal assignment percentages averaged over 88 thru 92
, asd fly * percent Lo each duty »
i group credit fly sup afit pme attrit
vy
W
5 0 0 0.0 0.0 0.0 0.0 0.0
. 1 1 100.0 0.0 0.0 0.0 0.0
ol 2 2 20.0 0.0 0.0 0.0 0.0
, 3 3 60.0 0.0 0.0 0.0 0.0
R 4 4 100.0 0.0 0.0 0.0 0.0
" 5 5 80.0 0.0 0.0 0.0 0.0
K 6 6 15.3 46.3 8.1 2.3 28.0
) 7 6 30.5  22.2 6.5 0.7 0.0
R 7 7 20. 1 37.7 0.0 2.2 39.9
8 6 7.7 52.3 0.0 0.0 0.0
" 8 7 6.4 39.6 28.1 0.0 5.9
o 8 8 1.6 27.3 0.0 0.0 71.1
v 9 6 13.1 40.0 26.9 0.0 0.0
" 9 7 4.6 55.4 0.0 0.0 0.0
0 9 8 5.8 34.2 0.0 0.0 20.0
e 9 9 0.0 3.4 0.0 0.0 96.6
2 10 6 20.0 78.0 2.0 0.0 0.0
p 10 7 17.8 27.5% 15.3 0.0 39.5
Q! 10 8 10.0 50.0 0.0 0.0 0.0
o 10 9 22.0  39.0 5.0 0.0  34.0
e 10 10 2.2 4.4 0.0 0.0 93.3
. 11 6 0.0 40.7 30.9 0.0 28. 4
K 11 7 0.0 62.4 0.0 0.0 37.6
:& 11 8 0.0  30.0 13.3 0.0 56.7
W 11 9 0.0 27.1 18.3 0.0 54.5
N 11 10 0.0 13.3  21.4 0.0 65.2
- 1 11 0.0 20.4 11.4 0.0 48.2
.. 12 6 20.0 32.0 8.0 0.0 0.0
- 12 7 15.0 20.0 17.1 38.7 9.2
W 12 8 10.0 16.7 5.0 36.3 12.0
b ! 9 0.0 36.3  24.0 0.0  39.7
W 12 10 13.3 51.0 0.0 0.0 35.7
- 12 11 0.0 41.2 3.2 0.0 55.6
? 13 6 0.0 23.6 0.0 16.4 0.0
o 13 7 0.0 55.0 0.0 25.0 0.0
' 13 8 0.0 86.7 0.0 13.3 0.0
i 13 9 0.0 70.0 0.0 30.0 0.0
’ 13 10 0.0 60.0 0.0 20.0 0.0
° 13 11 0.0 62.4 0.0 25.6 12.0
"~ 14 6 20.0 40.0 0.0 0.0 0.0
.$ 14 7 20.0 40.0 0.0 0.0 0.0 !
X 14 8 6.7 68.3 0.0 5.0 0.0 g
w 14 9 20.0 60.0 0.0 0.0 0.0 i
) 14 10 20.0 60.0 0.0 0.0 0.0
14 11 7.1 60.4 0.0 1.4 b.2
v 15 6 0.0 0.0 0.0 0.0 0.0
v
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15 7 0.0 0.0 0.0 0.0 0.0
15 8 60.0 0.0 0.0 0.0 0.0
15 9 80.0 0.0 0.0 0.0 0.0
15 10 80.0 0.0 0.0 0.0 0.0
15 i1 15.7 84.3 0.0 0.0 0.0
16 6 0.0 0.0 0.0 0.0 0.0
16 7 0.0 0.0 0.0 0.0 0.0
16 8 60.0 0.0 0.0 0.0 0.0
16 9 80.0 0.0 0.0 0.0 0.0
16 10 80.0 0.0 0.0 0.0 0.0
16 11 25.7 70.1 0.0 0.0 4.2
17 6 0.0 0.0 0.0 0.0 0.0
17 7 20.0 0.0 0.0 0.0 0.0
17 8 40.0 0.0 0.0 0.0 0.0
17 9 80.0 0.0 0.0 0.0 0.0
17 10 100.0 0.0 0.0 0.0 0.0
17 11 23.9 51.3 0.0 24 .4 0.5
18 6 20.0 0.0 0.0 0.0 0.0
18 7 20.0 0.0 0.0 0.6 0.0
18 8 40.0 0.0 0.0 0.0 0.0
18 9 80.0 0.0 0.0 0.0 0.0
18 10 100.0 0.0 0.0 0.0 0.0
18 11 9.9 335.8 0.0 0.7 55.6
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AK) ASSIGNMENTS THAT RESULT IN MISSED GATES

: NEW GATE NUMBER UNIT DUTY ROTATING FHOM:
W YEAR DUTY ASD TIME ASSIGNED COST FLY SUP AFIT PME

X -——— -———— —-——— mme | e m i~ ~ —-—— - - -———— [ -————

. 1 1 18 8 1.0
- ] ] 18 9 20.0

[ -]

s 2 ! i8 103.0 103. 0. 0. 0.
s 2 1 18 9 15.0 1. 1. 14, 0. 0.

3

3 ] 17 0. i. 0. 0.
4! 3 1 18 152. ; 152. 0. 0. 0.
W 3 1 18 9 13.0 1. 1. 12. 0. 0.

)
—
<
—

(s}
<

KX 4 | 18 9 152.0 1. 152. 0. 0. 0.
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«! OPTIMAL ASSIGNMENT POLICY

broken out by gate attained (hit) or missed

h {hit or miss status is as of the start of the assignment)
.3'
i
:# GATE HIT OR MISSED: hit miss hit miss hit miss
{1 year duty none i ! 2 2 3 3
K n i 677. 8Y. 0. B84. 41. 227. 54.
W 1 2 0. 218. 0. 62 0. 325. 0
M ! 3 0 29. 0. 0. 0 4. 0
1: ] 4 0 6. 0. 0. 0 25. 0
GA.
" 2 1 A52.  59. 0. 50. 103. 68. 55.
:ﬁ 2 2 0. 80. 0. 3. 0. 203. 0.
s p) 3 0. 1M. 0. 12. o0. 4. 0.
o 2 4 0. 8. 0. 1l. 0. 12. 0.
@":
X 3 ! 447 . 5. 0.  20. 152. 0. 43.
9 3 2 0. 147. 0. 34. 0. 11l. 0.
o 3 3 0. 25. 0. 6. 0 0. 0.
E 3 4 0. 10. o. 4 0 20. 0.
¥
X 4 ! 528. 90. 0. 52. 0. 59. 165.
M 4 2 0. 403. 0. 51 0. 203. 0.
. 4 3 0. 34. 0. 0. 0. 0 0.
K 4 4 0. 25. 0. 0. 0. 8 0.
[}
;Q 5 1 548. 92. 0. i. o0 0. 152
¢ 5 2 0. 122. 0. 7. 0. 230. 0
K 5 3 0. 36. 0. 0. 0 0. 0
e 5 4 0. 28. 0. 0. 0 0. o0
AU
¥
w NOTE: duty ! = fly, duty 2 = sta{f/supplement,
) duty 3 = AFIT, duty 4 = PME/ASTRA
1::
[ ]
w
%
N
e‘:
i“
Y
\“
®
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s
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R Arnendix G:  GATES Outpui F1ie NUDEARC.OUT

ey

*’:gs‘ Note: Thi=s 1s only a portion of the output file that iists all network

"{es_ arecs with the associated beginning and ending nodes.

o

‘?‘ begin . end arc

;::Q node time duty asd fly node time duty asa fiy aum cost bound

2ty e mmmm e mmm eme mmmm e e e - em mmmm e

B I . 0 o 586 4 1 3 3 P00 -1.0

[ty 2 1 111 387 4 1 a4 4 2 0 -1.0

3 1 12 2 588 4 5 05 3 0 -1.0

" 8 1 1 3 3 589 4 1 6 6 4 0 -1.0

BXD 5 ! I 4 4 59 4 17T 5 0 -1.0

s 6 1 ! 5 5 594 4 1 8 8 6 0 -1.0

‘;‘.a:: 7 1 1 6 6 598 4 I 9 9 7 0 -1.0

A 8 1 1 7 6 602 4 1 10 9 8 0 ~-1.0

® 9 1 1 7 7 603 4 1 10 10 9 0 -1.0

R

b

L, . . .

kel 67 1 1 18 9 262 2 4 18 10 67 1 -1.0

. 68 ] ] 18 10 263 2 I a8 11 68 0 -1.0

R 69 ! 1 18 11 263 2 1 18 1l 69 0 -1.0

R 70 1 2 6 6 598 4 19 9 70 0 -1.0

ey 71 ! 2 7 6 602 4 110 9 71 0 ~-1.0

oy 7701 2 T T 605 4 I 10 1w 72 0 1.0

o’f)?o

e

NG . . .

e 80O 5 1 1! 8 971 8 1 i4 11 o68 0 -i.u

N 801 5 1 19 971 8 Iol4 i 869 0 -l |
802 5 111 10 97! 8 1 18 670 0 -i.0 !
® 803 5 bl 1 97 8 1 14 11 671 0 -i.v

A 905 5 2 18 8 974 6 4 18 B 2367 ¢ 10 T
,‘5;. 06 5 2 18 9 974 6 4 18 v 2368 i -i.0 |
*-.:,‘l 907 5 2 18 10 974 6 4 18 10 2369 i -1.0

B 908 5 2 18 1i 974 6 4 18 1i 2370 0 -i.0

L't 971 98 ' 0 0 975 99 0 0 0 2371 0 -i.0 |
- 972 98 2 0 o 975 99 0 0 0 2372 0 -1.0

™ 973 98 3 0 0 975 99 0 0 0 2373 0 1.0

::,: 974 98 & 0 0 975 99 0 0 0 2374 0 -1.0

R

g

!'."

o::'o ‘
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fﬁ Appendix H: Sample of GATES Screen Output
e

O $ run gates.exe

o,“p

ﬂg year lower bound available upper bound
A 1 1308. 000 1841. 000 1948. 000
ad 2 2132.000 2520. 000 2771.000
t 3 2975. 000 3174. 000 3625. 000
Qﬁ 4 2918. 000 3100. 000 35586. 000
?“ 5 3119.000 3153. 000 3799. 000
‘ sanity checks passed....building datafiles

o total nodes = 975

e total flows into network = 4954. 000

o total attrition out of network = 1801. 000

.ﬁ: end-of-network sink = -3153. 000

Y max arc number for end duty 1l is 805

max arc number for end duty 2 is 1745

#i max arc number for end duty 3 is 2040
g max arc number for end duty 4 is 2370
%ﬁ total arcs = 2374

7#- data files built...performing network optimization routine
. ITER, OBJ 100 0.32728000E+06

ﬁ& ITER, OBJ 200 0.27468000E+06

?‘ ITER, OBJ 300 0.23540000E+06

1y ITER, OBJ 400 0.12938000E+06

KX ITER, OBJ 500 0.12150000E+06

o ITER, OBJ 600 0.10938800E+06

v) ITER, OBJ 700 0.87382000E+05

dﬁ ITER, OBJ 800 0.82122000E+05

QJ ITER, OBJ 900 0.57841667E+05

A ITER, OBJ 1000 0.40866000E+05

" ITER, OBJ 1100 0.37152833E+05

ol ITER, OBJ 1200 0.31322333E+05

|: ITER, OBJ 1300 0.12167000E+05
,zﬂ ITER, OBJ 1400 0.63650000E404
‘o ITER, OBJ 1500 0.34650000E+04
1298 ITER, OBJ 1600 0.19860000E+04
‘" ITER, OBJ 1700 0.87657143E+03

e ITER, OBJ 1800 (.80320000E+03
9. ITER, OBJ 1900 0.65300000E+03

r’.‘.
&§ optimization complete...building output tables

}‘ processing complete

e a list of nodes and arcs is in file NODEARC.OUT

optimal assignment tables are in file ROTEPLAN.OUT
B miscellaneous optimization information is in file FOROO07.dat
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Appendix I: Input/Output Summary

This appendix contains listings of input parameters
that were varied as part of the sensitivity analysis of the
GATES model. Listed after the input parameters for each
model run are the key performance measures and results.
Each page in this appendix contains data for a single model
run.

For each run, the following input parameters are
listed:

1. The run identification number and a brief
description;

2. The duty assignment durations used for each
duty type;

3. The amount of overmanning (tolerance +) and

undermanning (tolerance -) allowed for each duty type, as a
percentage of the baseline manning requirements taken from
the Rated Management Document (9);

4. The cost associated with missing each flying
gate ("gate 0" refers to ASD year groups less than six,
"gate 1" is the six-year gate, "gate 2" is the nine-year
gate, "gate 3" is the eleven-year gate);

5. Whether a side constraint specifying a manning
experience requirement was applied (the only experience
requirement applied in any of the runs was the requirement
for 50 percent or more of flying duties to be filled by
individuals from ASD year group six or higher);

6. Attrition adjustments from the baseline
estimates; these adjustments served to shift attrition
within a particular ASD year group or to actually reduce
attrition for the ASD year group; such adjustments were
performed in order to obtain a feasible solution.

The following performance measures and results are
listed for each run:

1. Whether the "sanity checks" were passed (these
checks are designed to verify whether there is sufficient
supply to meet the manning requirements for each year);

2. The number of iterations required by NETSID to
obtain the final solution;
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3. The final (optimal) objective function value;
4. Whether the problem had a feasible solution;

i 5. The number of artificial variables, total

¢ artificial flow, and cost due to these artificial flows (if

¢, the solution was infeasible); ..

! 6. The difference between the objective function
value and the artificial costs;

) 7. Rotations into the network for each year;

- 8. Gains (UFT and FAIP) into the network for each
“ year;

‘" 9. Total attrition for each year;

o 10. The number of individuals that have already
L missed their gates at time of initial rotation into the

- network;
)
P 11. The total number of assignments made (flows)
;é each year, broken out by duty type;
] )
? 12. The solution flows (assignments) which incur a
R cost due to failure to meet a gate by the end of the tour of
. duty (these are broken out by gate missed, year, and
o flying/nonflying duties).
“..'
:% The run identifying numbers are categorized according
:? to the tour lengths for flying duties and staff/supplement
) duties as follows:
:S run numbers flying tour staff/supplement tour
:5 Al thru Al4 3 years 3 years
o Bl thru B2 4 years 4 years
Li
) In all cases, one year was used for the tour length for AFIT
, and PME. Here is a brief summary of the key features of
o each run:
R run general description
° Al baseline parameters, infeasible
R; A2 ad justed attrition, feasible solution :
:a' f
:& A3 double value of all missed gate costs g
o:‘ !
¢ A4 equal costs for gates 0 and 1
j? A5 equal costs for gates O, 1, and 2 i
?
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A6
A7

A8
A9

AlO

All

Al2

Al3

Al4

Bl

B2

equal costs for all gates

equal costs for gates 0 and 1, equal
costs for gates 2 and 3

zero cost for gate O

equal costs for gates 0 and 1, higher
cost for gate 2

same as A2 except no experience
requirement for flying duty manning

reduced undermanning tolerance for
flying duties, failed "sanity" checks

changed tolerance to pass checks
reduced undermanning tolerance for
staff/supplement duties, failed
"sanity" checks

changed tolerance to pass checks

same as Al except duty durations,
infeasible

ad justed attrition, still infeasible

201

ER M PR
B

N
45




RUN # Al (70)

DESCRIPTION: baseline parameters, infeasible

DUTY TYPE: FLY SUP AFIT PME
Duration (years) 3 3 1 1
Tolerance + (%) 10% 10% 5% 0%
Tolerance - (%) 10% 10% 5% 0%

GATE: Gate 0 Gate 1 Gate 2 Gate 3
Gate Miss Cost 4 3 2 1
EXPERIENCE RQMT Yes
ATTRITION ADJUSTMENTS! "“Baseline": attrition distribution
based on examination of input data
file.
SANITY CHECKS Pass
# ITERATIONS 1868
OBJ FUNCTION VALUE 6267
FEASIBLE ¢ No
ARTIFICIALS: Number 29 variables
Total artif flow 154.0
Cost of artificials! 6160
OBJ $ - ARTIFICIAL @ 107
YEAR 1 2 3 4 5
ROTATIONS INTO N’WORK 1795 831 783 0 0

UFT and FAIP GAINS
TOTAL ATTRITION

317 315 315 299 299
277 465 443 327 293

ALREADY MISSED GATES

Missed 1st Gate 0 0 0 N/A N/A
Missed 2nd Gate 41 63 49 N/A N/A
Missed 3rd Gate 54 25 28 N/A N/A

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

1797 1062 930 1570 1146
1172 716 496 985 731
561 283 369 522 337
33 32 31 30 40
31 31 34 33 38

ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties)

Will Miss GATE O 0 0 0 0 0
Will Miss GATE 1 0 0 0 0 0
Will Miss GATE 2 0 0 0 0 0
Will Miss GATE 3 15/37 0/32 14/1 8/0 0
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N RUN #

N A2 (72) '
ﬂé DESCRIPTION: ad justed attrition, feasible :
. DUTY TYPE: FLY SUP AFIT PME
, Duration (years) 3 3 1 1
o Tolerance + (%) 10% 10% 5% 0%
. Tolerance - (%) 10% 10% 5% 0%

v GATE: Gate O Gate 1 Gate 2 Gate 3
N Gate Miss Cost 4 3 2 1
EXPERIENCE RQMT Yes

ATTRITION ADJUSTMENTS! As required to achieve feasible
solution. Adgjustments were within
ASD groups (usually), but sometimes

shifted to another year.

. TEEETTT T TS T ST T : ————————————————————————————————————— :
:@i SANITY CHECKS ! Pass :
! # ITERATIONS ' 1917
2 OBJ FUNCTION VALUE | 649 ;
® FEASIBLE ? ! Yes :
g ARTIFICIALS: Number | N/A :
ﬁf Total artif flow | N/A '
T Cost of artificials: N/A :
e OBJ $ - ARTIFICIAL $ '@ 649 :
Bt ' H

YEAR ! 1 2 3 4 5 :

" A -— -— -— -—
3; ROTATIONS INTO N’WORK: 1795 831 783 0 o !
e UFT and FAIP GAINS | 317 315 315 299 299 |
" TOTAL ATTRITION v 271 467 444 373 246 |
\*.‘i' : :

) ALREADY MISSED GATES ! :
W Missed 1st Gate ' 0 0 0 N/A N/A '
oy Missed 2nd Gate : 41 63 49 N/a N/A
- Missed 3rd Gate : 54 25 28 N/A N/A
o b (} } t
M 1 '
g TOTAL ASSIGNMENTS 1 1841 1137 1022 1618 1226 |

To FLY duties v1172 787 665 894 793
! To SUP duties ! 605 286 292 657 358
o To AFIT duties : 33 33 31 34 36
o To PME duties : 31 31 34 33 38 !

% ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties) |
®. Will Miss GATE 0 | 0 0 0 0 0 : w
R Will Miss GATE 1 | 0 0 0 0 0 :
! Will Miss GATE 2 | 40/0 103/0 0 0 0 :
o Will Miss GATE 3 ! 30/0 15/0 166/0 152/0 0 :
g : :
'..,‘.' ;
ol '
b 203

AOROBNEL

ROAIR WA OMARAARRNANASABNANALAAMELN K] FR TN e T Vg (A R
A AC A0 d\’v‘\'« R A LN "‘:"if“.ﬁ‘ R e G



RUN #
DESCRIPTION:

DUTY TYPE:
Duration (years
Tolerance + (%)
Tolerance - (%)

GATE:
Gate Miss Cost

EXPERIENCE RQMT

ATTRITION ADJUSTMENTS

SANITY CHECKS
# ITERATIONS

)

OBJ FUNCTION VALUE

FEASIBLE ¢

ARTIFICIALS:
Total artif flo
Cost of artific

Number

W
ials

OBJ $ - ARTIFICIAL $

YEAR

ROTATIONS INTO N’WORK
UFT and FAIP GAINS

TOTAL ATTRITION

ALREADY MISSED GATES

Missed 1lst Gate
Missed 2nd Gate
Missed 3rd Gate

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

ASSIGNMENTS WITH
Will Miss GATE
Will Miss GATE
Will Miss GATE
Will Miss GATE

COST

WO

: A3 (73)

i double values of all gate costs

v FLY SUP AFIT PME

13 3 1 1

v 10% 10% 5% 0%

' 10% 10% 5% 0%

i Gate 0 Gate 1 Gate 2 Gate 3

' 8 6 4 2

v Yes

\ Same as run # A2

i Pass

v 2046

i 1298 (exactly double run # A2)

i Yes

! N/A

i N/A

' N/A

¢ 1298

' i 2 3 4 5
v 1795 831 783 o 0
: 317 315 315 299 299
: 271 467 444 373 246
d 0 0 0 N/A N/A
' 41 63 49 N/A N/A
: 54 25 28 N/A N/A
i 1841 1137 1022 1618 1226
V1172 787 665 894 793
H 605 286 292 657 359
i 33 33 31 34 36
' 31 31 34 33 38
' (Number to Flying/Nonflying duties)
' 0 0 0 0] 0
' 0 0 0 0 0
v 40/0 103/0 0 0 0
v 30/0 15/0 166/0 152/0 0
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RUN # Ad (74) :
DESCRIPTION: equal voste for gates O and 1 '
DUTY TYPE: FLY SUP AFIT PME

Duration (years) 3 3 1 1

Tolerance + (%) 10% 10% 5% 0%

Tolerance - (%) 10% 10% 5% 0%

GATE: Gate O Gate 1 Gate 2 Gate 3
Gate Miss Cost 3 3 2 1
EXPERIENCE RQMT Yes

ATTRITION ADJUSTMENTS: Same as run # A2

- — ——— —————— — ———— ——— ————— | —— - ——— —— — T ————— —— T —— — — —————— T — ——— —

SANITY CHECKS Pass
# ITERATIONS 1917
OBJ FUNCTION VALUE 649
FEASIBLE ¢? Yes
ARTIFICIALS: Number N/A

Total artif flow N/A

OBJ 8 - ARTIFICIAL $ 649
YEAR 1 2 3 4 5
ROTATIONS INTO N’WORK 1798 831 783 0 0]

UFT and FAIP GAINS
TOTAL ATTRITION

317 315 315 299 299
271 467 444 373 246

ALREADY MISSED GATES

Missed 1lst Gate 0 0 0 N/A N/A
Missed 2nd Gate 41 63 49 N/A N/A
Missed 3rd Gate 54 25 28 N/A N/A

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

1841 1137 1022 1618 1226
1172 787 665 894 793
6035 286 292 657 359
33 33 31 34 36
31 31 34 33 38

ASSIGNMENTS WITH COST: (Number to Flying/Nonflying duties)

Cost of artificials, N/A

Will Miss GATE O 0 0 0 0 0
Will Miss GATE 1 0 0 0 0 O !
Will Miss GATE 2 40/0 103/0 0 0] J !
Will Miss GATE 3 30/0 15706 186/0 152/0 ¥

-;"'q .(_, ‘:J 5
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ATTRITION ADJUSTMENTS! Same as run # A2

RUN # AB (75) X
DESCRIFPTION: equal costs for gates 0, 1 ,and ¥ .
DUTY TYFPE: FLY SUF AFIT PME
Duration (years) 3 3 1 1 :
Tolerance + (%) 10% 10% 5% 0% '
Tolerance - (%) 10% 10% 5% 0% :
GATE: Gate 0 Gate 1 Gate 2 Gate 3
Gate Miss Cost 3 3 3 1 :
EXPERIENCE RGMT Yes :

SANITY CHECKS Pass
# ITERATIONS 1899
OBJ FUNCTION VALUE 792
FEASIBLE ¢ Yes
ARTIFICIALS: Number N/A
Total artif flow N/A
Cost of artificials
OBJ $ - ARTIFICIAL $ 792
YEAR 1 2 3 4 5
ROTATIONS INTO N’WORK 1795 831 783 0 0

UFT and FAIP GAINS
TOTAL ATTRITION

317 315 315 299 299
271 467 444 373 246

ALREADY MISSED GATES

Missed 1st Gate 0 0 0 N/A /A
Missed 2nd Gate 41 63 49 N/A N/A
Missed 3rd Gate 54 25 28 N/A N/A

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

1841 1137 1022 1610 1218
1161 825 665 855 848
616 248 292 688 296
33 33 31 34 36
31 31 34 33 38

ASSIGNMENTS WITH COST!: (Number to Flying/Nonflying duties)

Will Miss GATE O 0 0 0 0 0
Will Miss GATE 1 0 0 0 0 0
Will Miss GATE 2 40/0 103/0 0 0 0
Will Miss GATE 3 30/0 15/0 166/0 152/0 0

=z
N
>
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RUN #
DESCRIPTION:

DUTY TYPE:
Duration (years)

Tolerance + (%)
Tolerance - (%)
GATE:

Gate Miss Cost
EXPERIENCE RQMT
ATTRITION ADJUSTMENTS

SANITY CHECKS '
# ITERATIONS '
OBJ FUNCTION VALUE '
FEASIBLE ¢ '
ARTIFICIALS: Number |

Total artif flow '

Cost . of artificials!
OBJ $ - ARTIFICIAL $ !
YEAR :

ROTATIONS INTO N’WORK
UFT and FAIP GAINS
TOTAL ATTRITION

ALREADY MISSED GATES
Missed 1st Gate
Missed 2nd Gate
Missed 3rd Gate

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

ASSIGNMENTS WITH C
Will Miss GATE O
Will Miss GATE 1
Will Miss GATE 2
Will Miss GATE 3

AB (76)
equal costs for all gates

FLY SUP AFIT PME

3 3 1 1
10% 10% 5% 0%
10% 10% 5% 0%
Gate 0 Gate 1 Gate 2 Gate 3
3 3 3
Yes

Same as run # A2

————— e s . ———— = = — v —— ——————— —

Pass
2032
1518
Yes
N/A
N/A
N/A
1518
1 2 3 4 5
1795 831 783 0 0
317 315 315 299 299
271 467 444 373 246
0 0 0 N/A N/A
41 63 49 N/A N/A
54 25 28 N/A N/A
1841 1137 1022 1610 1218
1172 815 664 884 890.
605 258 293 659 249.
33 33 31 34 40
31 31 34 33 38
(Number to Flying/Nonflying duties)
0 0 0 0 0
0 0 0 0 0
40/0 103/0 0or1 0 0
30/0 15/0 165/0 152/0 0
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ot
! RUN # : A7 (77) :
b DESCRIPTION: | equal costs gates O & 1, gates 2 & 3!
Y @00 e e e Bl bt :
o DUTY TYPE: } FLY SUP AFIT PME !
e Duration (years) R 3 1 1 '
A Tolerance + (%) ' 10% 10% 5% 0% !
Tolerance - (%) v 10% 10% 5% 0% :
"y ' :
R GATE: | \ Gate 0 Gate 1 Gate 2 Gate 3 !
A Gate Miss Cost ' 3 3 2 2 '
el : :
R EXPERIENCE RQMT | Yes !
fo"’é : H
g ATTRITION ADJUSTMENTS: Same as run # A2 :
i : !
X H H
S e !
g SANITY CHECKS . Pass :
e # ITERATIONS 1751 :
W OBJ FUNCTION VALUE | 1012 !
® FEASIBLE ? ! Yes :
s ARTIFICIALS: Number | N/A !
",.1:' Total artif flow i N/A :
:c::. Cost of artificials! N/A '
e OBJ $ - ARTIFICIAL $ | 1012
K ! !
YEAR : 1 2 3 4 5 :
;Sﬁ ROTATIONS INTO N’WORK: 1795 831 783 0 o
b UFT and FAIP GAINS | 317 315 315 299 299 |
o TOTAL ATTRITION v 271 467 444 373 246 |
Wi H i
) ALREADY MISSED GATES ! :
o Missed lst Gate ! 0 0 0 Ns/A NsA
e Missed 2nd Gate : 41 63 49 N/A N/A
i Missed 3rd Gate : 54 25 28 N/A N/A
1ol ' '
X TOTAL ASSIGNMENTS i 1841 1137 1022 1618 1214 |
® To FLY duties 1162 825 664 989 877 |
. To SUP duties 615 248 293 566 263
;:«: To AFIT duties : 33 33 31 30 36 :
N To PME duties : 31 31 34 33 38 |
j‘.l: : :
. ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties) |
@ Will Miss GATE 0 ! 0 0 0 0 0 :
Y Will Miss GATE 1 ! 0 0 0 0 0 :
o Will Miss GATE 2 | 40/0 103/0 0/1 0 0 :
o Will Miss GATE 3 | 30/0 15/0 165/0 152/0 0 :
. : :
e,
)
-
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e RUN # : A8 (78) :
J:‘ DESCRIPTION: | zero cost for gate O i
N 000 el T B !
i DUTY TYPE: ! FLY SUP AFIT PME
N Duration (years) v 3 3 1 1 '
o Tolerance + (%) | 10% 10% 5% 0% :
Y Tolerance - (%) P 10% 10% 5% 0% H
o : :
" GATE: | Gate 0 Gate 1 Gate 2 Gate 3 :
._) Gate Miss Cost ' 0 3 2 1 '
gm EXPERIENCE RQMT ! Yes !
W : :
Qﬁ ATTRITION ADJUSTMENTS! Same as run # A2 !
;.'. 1 1
X ' !
< e E
l‘ﬁ SANITY CHECKS ! Pass :
o # ITERATIONS ! 1917 :
D) OBJ FUNCTION VALUE ' 849 '
° FEASIBLE ? ' Yes !
i ARTIFICIALS: Number ! N/A :
“’ Total artif flow ! N/A '
j,\) Cost of artificials! N/A '
o OBJ $ - ARTIFICIAL $ | 649 !
" : :
. YEAR ! 1 2 3 4 5 :
‘ol ! _— _— _— _— _— !
ﬁﬁ ROTATIONS INTO N’WORK! 1795 831 783 0 o !
ety UFT and FAIP GAINS ! 317 315 315 299 299 :
gg TOTAL ATTRITION ! 271 467 444 373 246 !
M ! ;
2 ALREADY MISSED GATES ! !
j:',". Missed 1st Gate ' 0 0 0 N/A N/A ;
;f- Missed 2nd Gate ! 41 63 49 N/A N/& !
:.: Missed 3rd Gate ' 54 25 28 N/A N/A '
] [ t
:‘,' ) '
e TOTAL ASSIGNMENTS ' 1841 1137 1022 1618 12286 !
@ To FLY duties r1172 787 865 894 793 !
. To SUP duties ! 6805 286 292 6857 359 :
Rh To AFIT duties ! 33 33 31 34 36 :
&% To PME duties | 31 31 34 33 38 !
b ASSIGNMENTS WITH COST: (Number to Flying/Nonflying duties) |
®. Will Miss GATE 0 | 0 0 0 0 0 !
S Will Miss GATE 1 ! 0 0 0 0 0 !
X Will Miss GATE Z ' 40/0 103/0 0 0 0 !
2 Will Miss GATE 3 ! 30/0 15/0 166/0 152/0 0 ! ;
Lnt ' ' )
" ; 1 ] ‘
S
o
Pl "
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RUN # A9 (79)

DESCRIPTION: equal costs gates 0 & 1, higher #2
DUTY TYPE: FLY SUP AFIT PME
Duration (years) 3 3 1 1
Tolerance + (%) 10% 10% 5% 0%
Tolerance - (%) 10% 10% 5% 0%
GATE: Gate 0 Gate 1 Gate 2 Gate 3
Gate Miss Cost 3 3 4 1
EXPERIENCE RQMT Yes

ATTRITION ADJUSTMENTS! Same as run # A2

- —— " . ——————— | —————— ————— —————————————————— —— —_——— —— —

SANITY CHECKS Pass
# ITERATIONS 1845
OBJ FUNCTION VALUE 935
FEASIBLE <% Yes
ARTIFICIALS: Number N/A
Total artif flow N/A
Cost of artificials
OBJ $ - ARTIFICIAL $ 935
YEAR 1 2 3 4 5
ROTATIONS INTO N’WORK 1795 831 783 0 0

UFT and FAIP GAINS
TOTAL ATTRITION

317 315 315 299 299
271 467 444 373 246

ALREADY MISSED GATES

Missed 1lst Gate 0 0 0 N/A N/A
Missed 2nd Gate 41 63 49 N/A N/A
Missed 3rd Gate 54 25 28 N/A N/A

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

1841 1137 1022 1610 1218
1165 829 665 887 835
612 244 292 656 309
33 33 31 34 36
31 31 34 33 38

ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties)

Will Miss GATE O 0 0 0 o) 0
Will Miss GATE 1 0 0 0 0 0
Will Miss GATE 2 40/0 103/0 0 0 0
Will Miss GATE 3 30/0 15/0 166/0 152/0 0

4
~N
>
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a RUN #

" DESCRIPTION:

S DUTY TYPE:

" Duration (years)
i Tolerance - (%)
ﬁ Tolerance - (%)
¢

ay GATE:
Gate Miss Cost

EXPERIENCE RQMT
" ATTRITION ADJUSTMENTS

Lo}

el

Al0 (80) '
no experience requirement :
FLY SUP AFIT PME

3 3 1 1
10% 10% 5% 0%
10% 10% 5% 0%

Gate 0 Gate 1 Gate 2 Gate 3

4 3 2 1
No

Same as run # A2

—— ————— ———————————————————— —— —— —— ——

t ' ]
K SANITY CHECKS  Pass :
" # ITERATIONS ¢ 1891 :
W OBJ FUNCTION VALUE | 649 '
q FEASIBLE ¢ i\ Yes :
" ARTIFICIALS: Number | N/A i
o Total artif flow . N/A '
o Cost of artificials! N/A '
p OBJ $ - ARTIFICIAL $ | 649 '
' YEAR ' 1 2 3 4 5 '
F_ 1 - - - - - [l
’% ROTATIONS INTO N’WORK:! 1795 831 783 0 0 '
) UFT and FAIP GAINS : 317 315 315 299 299 '
i TOTAL ATTRITION »o27 467 444 373 246 |
g i :
- ALREADY MISSED GATES | :
i Missed 1lst Gate ' 0 0 0 N/A N/A :
ﬁ Missed 2nd Gate : 41 83 49 N/A N/A i
$ Missed 3rd Gate i 54 25 28 N/A N/A '
.' I 1)
[ TOTAL ASSIGNMENTS . 1841 1137 1020 1608 1210 '
q To FLY duties voo1172 774 665 980 763 '
§ To SUP duties ' 605 299 290 561 373 '
45 To AFIT duties : 33 33 31 34 36 :
} To PME duties ‘ 31 31 34 33 38 '
Py : :
o, ASSIGNMENTS WITH COST: (Number to Flying/Nonflying duties) |
e Will Miss GATE 0 | 0 0 0 0 0 :
W Will Miss GATE 1 ! 0 ) 0 0 0 :
Y Will Miss GATE 2 | 40/0 103/0 0 0 0 :
$ Will Miss GATE 3 v 30/0 15/0 166/0 152/0 0 '
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RUN # All (81) :
DESCRIPTION: lower underman tolerance (flying) i
DUTY TYPE: FLY SUP AFIT PME

Duration (years) 3 3 1 1

Tolerance + (%) 10% 10% 5% 0%

Tolerance - (%) 5% 10% 5% 0%

GATE: Gate 0 Gate 1 Gate 2 Gate 3
Gate Miss Cost 4 3 2 1
EXPERIENCE RaQMT Yes

ATTRITION ADJUSTMENTS, Same as run # A2

SANITY CHECKS

—— s —— —— —— —————— T ——— ————————— — — — —

FAIL, insufficient personnel, year 5

# ITERATIONS N/A
OBJ FUNCTION VALUE N/A
FEASIBLE ¢ N/A
ARTIFICIALS: Number N/A
Total artif flow N/A
Cost of artificials! N/A

YEAR
1795 831 783 0 0
317 315 315 299 299
271 467 444 373 246

ROTATIONS INTO N’WORK
UFT and FAIP GAINS
TOTAL ATTRITION

ALREADY MISSED GATES

Missed 1st Gate 0 0 0 N/A N/A
Missed 2nd Gate 41 63 49 N/A N/A
Missed 3rd Gate 54 25 28 N/A N/A
TOTAL ASSIGNMENTS N/A ————mem e
To FLY duties , '
To SUP duties : :
To AFIT duties H '
To PME duties @ |  ———cememmomeemmmmmrmemee e N/A

ASSIGNMENTS WITH COST
Will Miss GATE O
Will Miss GATE 1

; Will Miss GATE 2

Will Miss GATE 3

OBJ $ - ARTIFICIAL $ | N/A
b ON/A —mmmm e

212

QAU RN AL U



RUN #

DESCRIPTION:

DUTY TYPE:
Duration (years)
Tolerance + (%)
Tolerance - (%)

GATE:
Gate Miss Cost

EXPERIENCE RQMT
ATTRITION ADJUSTMENTS

SANITY CHECKS

# ITERATIONS

OBJ FUNCTION VALUE

FEASIBLE ¢

ARTIFICIALS: Number
Total artif flow
Cost of artificials

OBJ $ - ARTIFICIAL $

YEAR

ROTATIONS INTO N’WORK
UFT and FAIP GAINS
TOTAL ATTRITION

ALREADY MISSED GATES
Missed 1lst Gate
Missed 2nd Gate
Missed 3rd Gate

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

ASSIGNMENTS WITH COST
Will Miss GATE O
Will Miss GATE 1
Will Miss GATE 2
Will Miss GATE 3

Al2 (82)
changed tolerance to pass checks

FLY SUP AFIT PME

3 3 1 1
10% 10% 5% 0%
5%x 10% 5% 0%

* Tolerance -10% (FLY) in year 5

Gate 0 Gate 1 Gate 2 Gate 3
4 3 2 1

Yes

Same as run # A2

1 2 3 4 5

1795 831 783 0 0
317 315 315 299 299
271 467 444 373 246

0 0 0 N/A N/A
41 63 49 N/a N/A
54 25 28 N/a N/A

1841 1129 1014 1610 1218
1172 759 686 1103 747
605 306 263 440 397

33 33 31 34 36

31 31 34 33 38
(Number to Flying/Nonflying duties)

0 0 0 0 0

0 0 0 0 0
40/0 103/0 0 0 0
30/0 15/0 166/0 152/0 0

i N/A
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RUN # Al3 (83) :
) DESCRIPTION: lower underman tolerance (staff)
N DUTY TYPE: FLY SUP AFIT PME
, Duration (years) 3 3 1 1
", Tolerance + (%) 10% 10% 5% C%
N Tolerance - (%) 10% 5% 5% 0%

) GATE: Gate 0 Gate 1 Gate 2 Gate 3
Gate Miss Cost 4 3 2 1
h EXPERIENCE RQMT Yes

ATTRITION ADJUSTMENTS: Same as run # A2

a2 X
B 4 @ mmrmmemmssss - T T T T T T T T T T T T T T ST T T T T i
) SANITY CHECKS } FAIL :
i # ITERATIONS + N/A '
. OBJ FUNCTION VALUE i N/A '
FEASIBLE ¢ . N/A '
R ARTIFICIALS: Number ! N/A ‘
r Total artif flow , N/A :
$ Cost of artificials: N/A
o OBJ $ - ARTIFICIAL $ | N/A '
& ) '
! YEAR TS 2 3 4 5
J ROTATIONS INTO N’WORK: 1795 831 783 0 0 '
- UFT and FAIP GAINS ' 317 315 315 299 299 ‘ '
" TOTAL ATTRITION : 271 467 444 373 246 '
Dy ' ' '
ALREADY MISSED GATES ! : !
' Missed 1st Gate : 0 0 0 N/A N/A '
o Missed 2nd Gate 2 41 63 49 N/A N/A
N Missed 3rd Gate : 54 25 28 N/A N/A '
" ' : ;
Y TOTAL ASSIGNMENTS ¢+ N/A —————— e '
(] To FLY duties ' ' i '
. To SUP duties : : : ! |
i To AFIT duties I ' : ' |
0 To PME duties |  mmmmmm e c e —m e e —— N/A '
& 1} ] f
ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties) |
¢ Will Miss GATE O i N/A - '
P Will Miss GATE 1 | | : : |
“ Will Miss GATE 2 | : : :
& Will Miss GATE 3 et N/A '
x ' ' :
‘.
'\
A
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N RUN # Al4 (84) !
3 DESCRIPTION: changed tolerance to pass checks :
R DUTY TYPE: FLY SUP AFIT PME

\ Duration (years) 3 3 1 1
P Tolerance + (%) 10% 10% 5% 0%
3 Tolerance - (%) 10% 5%x 5% 0%

* Tolerance -10% (SUP) in year 5

GATE:
iy Gate Miss Cost

Gate 0 Gate 1 Gate 2 Gate 3
4 3 2 1
ﬁ EXPERIENCE RQMT Yes

b ATTRITION ADJUSTMENTS! Same as run # A2

0 SANITY CHECKS Pass

W # ITERATIONS 1777

e OBJ FUNCTION VALUE 649

. FEASIBLE 9 Yes

¥ ARTIFICIALS: Number | N/A

35 Total artif flow N/A

3 Cost of artificials

" OBJ $ - ARTIFICIAL $ @ 649

% YEAR 1 2 3 4 5
Y - —_—— - _— _—
3 ROTATIONS INTO N’WORK!: 1795 831 783 0 0
2 UFT and FAIP GAINS 317 315 315 299 299
W TOTAL ATTRITION 271 467 444 373 246
- ALREADY MISSED GATES

w Missed lst Gate 0 0 0 N/A N/A
" Missed 2nd Gate 41 63 49 N/A N/A
2 Missed 3rd Gate 54 25 28 N/& N/A

e TOTAL ASSIGNMENTS 1841 1137 1022 1610 1218
N To FLY duties 1065 813 665 900 888
", To SUP duties 712 260 292 643 256
K To AFIT duties 33 33 31 34 36

To PME duties 31 31 34 33 38

. P
- -t

z
~
>

ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties)
o Will Miss GATE O 0 0 0 0 0
W Will Miss GATE 1 0 0 0 0 0
KX Will Miss GATE 2 40/0 103/0 0 0 0
jﬁ Will Miss GATE 3 30/0 15/0 166/0 152/0 0 !
[ 4
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N RUN # Bl (8%5)

, ATTRITION ADJUSTMENTS! Same as run # Al
(baseline values derived from

input data)

@ DESCRIPTION: change duty durations, infeasible

' DUTY TYPE: FLY SUP  AFIT  PME

: Duration (years) 4 4 1 1

'y Tolerance + (%) 10% 10% 5% 0% g

N Tolerance - (%) 10% 10% 5% 0% '

R GATE: Gate O Gate 1 Gate 2 Gate 3 :
Gate Miss Cost 4 3 2 1 ‘

. EXPERIENCE RQMT Yes '

- ——— ——— A ——_——— | ——— ———— " —— T ——— i — T ——— ————————_— — ——————— —

- . -

PR R NS )

SANITY CHECKS Pass
' # ITERATIONS 1730
' OBJ FUNCTION VALUE 7909
4 FEASIBLE ? No
- ARTIFICIALS: Number ! 30 variables
N Total artif flow 193.0
¥ Cost of artificials: 7720
y OBJ $ - ARTIFICIAL $ ! 189
\ YEAR 1 2 3 4 5
N ROTATIONS INTO N’WORK 999 796 831 783 0

o UFT and FAIP GAINS
i) TOTAL ATTRITION

317 315 315 299 299
273 467 444 328 293

ALREADY MISSED GATES

o Missed 1st Gate 0 0 0 0 N/A
i Missed 2nd Gate 4 37 63 1 N/A
) Missed 3rd Gate 33 27 30 79 N/A

TOTAL ASSIGNMENTS 1031 958 863 894 980

« To FLY duties 543 630 517 593 553
" To SUP duties 424 268 281 238 353
“ To AFIT duties 33 29 31 30 36
ﬁ To PME duties 31 31 34 33 38
P ASSIGNMENTS WITH COST: (Number to Flying/Nonflying duties)
" Will Miss GATE O 0 0 0 0 0
¢ Will Miss GATE 1 0 0 0 0 0]
. Will Miss GATE 2 0 0 0 0 0
" Will Miss GATE 3 16/26 14/0 30/18 72/0 3/10
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: RUN # B2 (92) H
. DESCRIPTION: ad justed attrition, still infeasible.
DUTY TYPE: FLY SUP AFIT PME

Duration (years) 4 4 1 1
j Tolerance + (%) 10% 10% 5% 0%
; Tolerance - (%) 10% 10% 5% 0%

GATE:
Gate Miss Cost

Gate 0 Gate 1 Gate 2 Gate 3
4 3 2 1

. EXPERIENCE RQMT Yes

ATTRITION ADJUSTMENTS: Large adjustments were made in an
attempt to achieve feasibility.
Total attrition was reduced by 187.

SANITY CHECKS Pass
# ITERATIONS 1970
OBJ FUNCTION VALUE 700
N FEASIBLE ? No
ARTIFICIALS: Number 2 variables
Total artif flow 10.0
\ Cost of artificials! 200 (unit cost = 20)
N OBJ & - ARTIFICIAL $ 500
YEAR 1 2 3 4 5
) —— — -—— ——— ——— ———
ROTATIONS INTO N’WORK 999 796 831 783 0

UFT and FAIP GAINS
TOTAL ATTRITION

317 315 315 299 299
263 399 419 300 237

, ALREADY MISSED GATES

* Missed 1st Gate 0 0] 0 o) N/A
4 Missed 2nd Gate 4 37 63 1 N/A
o Missed 3rd Gate 33 27 30 79 N/A

TOTAL ASSIGNMENTS
To FLY duties
To SUP duties
To AFIT duties
To PME duties

1053 1015 972 1021 1161
543 664 611 731 738
4486 291 296 225 354

33 29 31 32 36
31 31 34 33 33

) ASSIGNMENTS WITH COST! (Number to Flying/Nonflying duties)

, Will Miss GATE O 0 0 0 0 0
, Will Miss GATE 1 0 0 0 0 0
. Will Miss GATE 2 0/4 40/0 4/0 1/0 0
: Will Miss GATE 3 17/36 14/4 119/19 167/0 2/14
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The purpose of this study was to provide Air Force rated officer
managers at the Air Force Military Personnel Center with a decision
aid for the management of rated officer flying gates. Air Force rated
officers are those officers who hold an aeronautical rating and are
authorized to perform duties as pilots or navigators. Flying gates
are milestones that must be achieved at certain phase points of a rated
officer's career.

This study resulted in development of a single commodity network
flow model with side constraints. This model is designed to represent
the rotation of rated officers between flying and nonflying duties and
provides a means for measuring overall attainment of flying gates,

It is an aggregate model which provides general assignment guidance
aimed at minimizing nonachievement of flying gate requirements, while
maintaining required manning levels in flying and nonflying duties.

Initial analysis of model outputs indicates that the model solution
may provide an avenue to improved gate management. Shortcomings of the
model that bear further study include the level of detail provided by
the model and the method used to model attrition of the rated officer
force.
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